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1, Diane Marshal in support of the above-identified United States patent application, do 
declare md stm m follows; 

L I and eo-inventors Timothy Bo&me arid Aiastair David G, Lawson are the first 
iw\0m\* and joint inventors of the s ubject matter claimed irt United Stales Patent Application 
Serial No- 10/578,384, filed on January I6> 2007, and entitled "Methods for tte Treatment of 
inflammatory B«! Disrase By Administration of m Inhibitor of CSP4 Activity,*' which cldais 
priority benefit of international Application PCT/GB04/B4652 filed November 3, 2004, which 
claims the benefit of Great Britain application 0325836,5 tiled November 5, 2003. t &m making 
this Dedaratten m support of this application, 

2. I received a 2:1 Bachelor of Science degree with Honors m biochemistry from the 
University of Bimtingfiam in I was awarded a PhD, ttegrea from the University of London 
m 1997; my thesis was eathled 'investigation of dearance systems in antibody targeted tfiexapy 
of caaeer* I then field a post doctoral po&itkm within the Imperial College School of Medicine, 
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LondoQ, focusing o&> radiolabeled antibody targeting of inflaimiation, uml 2001, in September 
2001 1 was employed by Celltech, now UCB, with a focus on the establishment of animal models 
of Inflammatory towel disease ("IBD**), I baw directed and written UCB*s Fharniacology 
strategy for IBD, highlighting the clinical disease pathology* limitations of current treatments for 
IBP, the novel therapeutics under investigation and the animal models available forpi^lintcal 
assesstttetti of new treatments for IBD* i am considered an expert in the ffeld of I BO within the 
research ovgmimtkm of UCB, where my opinion is sought for IBD focused projects. I have 
designed the studies of UCB's mvd therapeutics in UCB*s animal, models of IBD, I have 
attended international meetings- m the iMd of IBD,. Dye to my knowledge k tie area of IBD, I 
am now leading UCB's Disease Aim Expert Group for Gastroenterology and Demiatology, A 
listing of my publications is attached hereto as Exhibit I , 

3,. I am currently employed by UCB Fharma, S.A., the assignee of this patent 
ftppifc&iiem. My efforts in com^ecti on. with the preparation of the Deokra.ti.an are within the 
scope of my employment duties, 

4. Inflammatory howl disease (IBD) refers to serious, chronic disorders of fee 
intestinal tract characterized by chronic inflammation at various sites in the gastrointestinal tract 
lis emm Is not kiiown, although ger^tsc and eavironmentai factors are believed, to contribute to 
susceptibility to IBD* Various attempts have beer* made to provide therapies fm ih®m suffering 
from IBD. Sisch attempts have included the use of steroids md non-steroidal anti-inflainmatary 
drugs (NSAIDs) such as 5-aminosaiicyiic acid drugs. Such treatments can be problematic, in that 
these drugs may not be suitable &r long-term use, arid are not effective In some 30% of IBD 
patients, For ttess patients, attempted therapies haw teetotal tmmwrosupprcssive and 
immunoregulatory agents; in some cases surgery is required. In that regard, many different 
cytokines and T4ymphocyte ceil types have bee** implicated in IBD, all of which, present 
potential targets for IBD treatment* 

5, Thus it is recognised in the art that IBD and its treatment are both unpredictable. 
It cannot be brown which propped ireat^ieots will be effective for partioular patients* In 
particular, not all aM-iiifkmmatories are effective in the treatment of IBD.. Steroids md 
NSAIDS, although standard a&rt^irflsmmatoriss for a wide variety of infiarnmatory disorders, are 
not effective ags&ttst IBD fbr a significant number of patients* Thus* the mere fact that, a 
particular drug is m anti*infiasninatory does not mean (hat it will bz effective against IBD, even 



though IBD is an taflammatory disorder. For some p&tients, no known tmtoents are effective. 
As of the filing date of this application, fere is rao known core for IBD. 

6, Colony stimulating factor 1 (bereinafter CSF-I) ? also known as macrophage 
colony stimulating factor (MCSF) is a cytokine produced by a variety of cells, including 
macrophages, endothelial celte, md fibroblasts- Whiie mmy different cytokines and T« 
lymphocyte cells have been implicated in IBD, It is not blown iFCSF-1. plays my role In the 
pathogenesis of IBD, a! though Increased CSF~! serine levels have bmi observed in patients with 
active IBD, 

7, There are three known types ol' CSPs: CSF-I (also known as M-CSF), OCSF, 
and GM-CSF- Those skilled in the art understand that these different C3F*s have different 
properties, and may not always be substituted for one another. These different properties Nave 
long been reeogjiked by those skilled in the art, as shown m the following representative 
publications: 

ft) FA, L,A, st 8l> "Analysis of la antigen expression in macrophages 
derived from bone marrow cells cultured in gmnuk)C}4e-macrc}phage colony-stimulating 
factor or macrophage ®&lony«stimu tatfog factor," J, immune. 1988 April 15, 140(8) 
2652-2660; erratum m I. Immunol 1988 Jul 15; 141(2) 709 (Exhibit 2) 

fa) Wtiiroan* C.L. et stl, "Regulation ofMBC Class 11 Gene Expression in 
Macrophages by Hematopoietic Colony-Stimulating Factors (CSF)* induction by 
Ora^locyt^Maemphage CSF mid Inhibition by CSF-V* 1 Exp. Med, 170, 1 159- 
1567(1989) (Exhibit 3); 

c) F&lk, LA, si al n "Diflbrcntiai Production of IFN-a/jJ by CSF- 1 and GM- 
CSF-Derived Macrophages" I Leukocyte Biology 48:43-49 (1990) (Exhibit 4); 

d) Ttekrinxo, CM. at si, "Bora® marrow-deriveci macrophages grown in GM- 
CSf or M-CSF differ in their ability to produce IL-S2 and to induce IFN-7 production 
after stimulation with Trypammm® crust antigens/* Immunology Letters, Vol. ??, issue 
1, 1 May 2001, pages 31-38 (Exhibit 5); 

e) Fleetwood, A J. et al, u 6rariUbcyt^Macro|>hage CoJoay-Stsmulating 
Factor (CSF) and Macrophage CSF-Dapendaist Macrophage Phe&oiype$ Display 
Differences in Cytokine Profiles md Transcription Factor activities: {mplicattons far CSF 
Blockade in Inflammation" I, Immunol, 2007; 178; 5245-5252 (Exhibit 6), 
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8, The present mventioft rdaies to the discovery that aninCSI-l sad bodies or 
fragments thereof j*avc b^ee shown, to bss effective therapeutically against IBD, 

9, I tove reviewed the Office Action mailed August 31, 2010 in ihk applicstfea, and 
the references cited therein, namely U.S. 7,108,852 to Devaiaraja (hereinafter "Devalaraja**}, U.S.. 
7,455,836 to Hamilton et ai (feereinalter "Hamilton*')* US, 7,507,705 to Buscfamaaa etal 
(herebafter ''Busdm&mi")* and U,S< 2004/9053365 to Runner et at (hereinafter "Runner'*), 
Each of these references- will be discussed in turn. 

10* Devalarai& states that the invention disclosed therein is connected to the discovery 
that CSPs appear to be eritfcal for leukocyte recruitment specifically polymorpho-nucle^r 
iieutropliil (PMN) md monocyte recruitment and exhibit synergizmg activity with ch&mok&nes 
(col 4, lines 3-7) The CSF can be either M-CSF (col. 4, lines 38-39, 62-63), G-CSF (col 5, 
lines 16-17, 40-41 ) 9 or GM-CSF (col 5, liae 60), DevaUiraJa states that the diseases or disorders 
treated car* teeiyrfe tnftenmiattoi?, osteoporosis autoimmtme disease, and atteoscfeiwts<coL 6, 
lines 1-8). Diseases specifically noted are sthei^dera&is {cot 6, Hue 16) ; sepsis (soL 4 line 
asthma (col. 6 t line 33), autoimmune disease (col 6, lines 4 Ml), osteoporosis (col 6 y Vim 51% 
rheumatoid arthritis (coL 6, lisies 60-61), and osteoarthritis (eoi 7, litie 3), 

11, At col 7 t lines 4-8, examples of autoimmune dksa&es me sMM to include "SLE, 
GVHD, RA 5 IBD, asthma, and psoriasis/' 

1 2. In the definition of *m fmmmnne disease" at col 1 1 Urns 4-16, iBO is not listed as 
either "highly probable™ or "pmb&bte/* IBD h not inducted as osie of the ^pn^ferred 
inflammatory diseases" listed at coL 1 1 5 lines 21*23, The claims of Devaisraja a*e limited to a. 
method of treating .rheumatoid arthritis, and do not recite any method of treating of IBD. 

! 3- Xfos data presented Devalaraja include experiments conducted to confirm that 
G«CSF ayn&gjzes the IL*8 induced ehemotasis fa w and fa vftro (col IB » line 38 - eoL, 19, 
line 17; Figs, 1-13) and e^riments conducted to demonstrate that M-CSF synergist MCP-I 
induced chemotam{eot 19, lines 18-62; Figs, 14-21). Of these, the data related directly to M* 
CSF k presented at Figs. 19-21 , Dev&laraja 4®m not include any antoal mods! dsfa for IBD* mr 
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does It contain any mirml model data for miy of she diseases stated to be treatable by the method 
disclosed (herein. 

14, A s one skilled in the art, to me the Devater&ja reference does not discloss a 
treatment of I BD by administration of anti-M-CSF antibodies, I base this undeM^nding on the 
fact tot IBD is oot included in the list of Individual diseases at column 6, nor is it explicitly 
ircluded in the definition of "autoimmune disease" at «ol 1 1, lines 4-1$, and a method of treating 
IBD is not rioted in the claims. The only titm IBD is mentioned is at col 7, lines 4-8, tat thai 
statement h with respect to ^preferred use of kiMbitofs of the present in ventiosf * md does not 
specifically mention an^M-CSF antibodies The patent does not limit such ■'inhibitors'* to anti* 
M-CSf antibodies, but also includes data for antMJ-CSF antibodies and antKSM-CSF antibodies 
m inhibitors, One skilled In the art would not understand from the sentence a* eoL 7, lines 4*8 
which antibodies Devaiaraja Intended to suggest for the treatment of IBD. Also, the absence of 
any experiments using m mmml model for IBD indicates to me that Dev&laraja did not 
demonstrate that &nti~M~CSF can be defective in the treatment of IBD. Gfrran the well-known 
lack of predictability of the effectiveness of IBD treatments md ths fact that not ail ami- 
inftammatory treatments are effective against IBB, the p&ndty of discussion of IBD in the 
Dcvataaja disclosure suggests to me as one skilled in fee art that Devdamja was not in 
possession of a method of treating IBD ming an anfrM*C$F antibody or antibody fragment As 
oiks skilled in the art, I would not have combined the teachings of Deval&raj a with my own 
knowledge to understand that ISD could be treated by the admimsfration of anti-M-CSF 
sxitibodies* 

1 5, The Hamilton reference does not teach \m m one? skilled in the mi that Hamilton 
was in possession of a method of treating IBD by administering anti-M-CSF antibodies. 
Hamilton discloses that the term "ameliorate" as used therein, refers to the Auction of the 
symptoms exhibited in patients suffering from m inflammatory condition, including the more 
specific response of reducing levels of inflamm^lofy md pro^infiammatofy mediators such m M- 
CSF, GM-CSF, IL~L TOF^ 1LA products ofCGX-s, u-PA«ad other molecules (col 5 5 lines 
54-62). The only data presented for anti-M«€$F antibodies ia at Figure 2C* and relates to the 
treatment of c^Uagm-induced-Mlhriils (CIA), The only animal models presented are for CIA, 
asthma, and COPD, T!*s claims are limited to the um of anti-GM-CSF antibodies. The statement 
m column 5, lines 44-50 that "Inflammatory condition* 5 relates to ehronie inflammation 

5 



conditions swb as rheumatoid arthritis, inflammatory bowel disease, Crohn's disease, type I 
dkbetes, multiple selerosk, psoriasis ad chronic inflammatory lung disease such m aathnia, 
ebronfe bronchitis, emphysema or chronic obstructive airway disease does not suggest to me that 
Hamilton was In possession of a method of treatment of either Inflammatory bowel disease or 
Crohn* s di^&se, given the tj&predtetable nature of these disorders and methods of treatments 
thereof The fact that anti-M*CSF antibody was shown to have some effect in animal models in 
the treatment of\ v oiIageT^kid^d^thriti^ teaches nothing to one skilled m the art about possible 
treatments for IBD* Similarly, the data relating to anti-GM-CSF antibodies does not leach one of 
ski!! in the art about the ef&cis of anii-M-CSF antibodies,, either an the disorders for which anti- 
GM-CSF antibodies were used ? or for any otter disorder As am skilled hi the &ri ? I would not 
have combined the teachings of Hamilton with my own knowledge to understand, tot IBD could 
be treated by the administration, of antl-M-CSF antibodies. 

Mmmr 

16, Rentier relates to humanized GM-CSF anti bodies. As one skilled in the art, this 
disclosure teaches me nothing atrcrat the properties or effects of and-M-CSF antibodies, Reiner 
disclose at paragraph [0004] ik&i GM CSF fe known to pky a role in the development: of 
riicum®toid arthritis. As one skilled in the art, this teaches nothing about what factors may play a 
role in the development of other inflammatory diseases. Paragraph [0040 1 recites ^inflaminatoiy 
conditions" including both specific and non-specific immune taction to an antigen. The feet 
fh&t IBD is Included m this list does not. teach me as one ski [fed it* the art that attfi-GM-CSF 
antibodies would be effective in the treatment of IBD, and even, if that were the teaching, it does 
not teach anything about the effect of anti-M-CSF antibodies in the treatment of IBD, Reaaer 
does not claim a method for treatment of IBD, or a method of treatment of any disorder, 

17, Buschfttann is directed to Ike use of colony siimidatkg factor (CSF) or a nucleic 
acid molecule extending CSF for preparation of a pharmaceutical composition for enhancing 
neovascuiarization and/or the growth of collateral arteries and/or other arteries from preexisting 
arteriolar connections (coL lines. 540); Bissehmanrt also is directed to treatment of tumors by 
rae of an agent which suppresses ncovawolarratim or growth of collateral arteries throngh the 
inhibition of tte biologjoal activity of a CSF (col 8 f line 66 - col S>, Urn 4% The agent cm be m 
anti-CSF antibody (col !0» line 65 - col 1 !,. line 2} but Bushcmann does not distinguish between 
the different types of CSFs in this regard, Bushcmann has nothing to do with Inflammatory 
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dimeters, or fee treatment of mflammatory disorders. As one skilled In the art, this disclosure 
does not teach me that these differest CSFs- or their antibodies are equivalent with respect to the 
treatment of any m'ftonmatory disuse, and does not teach anything about treatment of IBD. 

18... As one skilled m the art. I see no motivation to combiae jDevatajara with 
Hamilton, nor would doing so lead one skilled m the art to use aRti-M-CSP antibodies in the 
treatment of IBD, Nor would these references have led me to believe that the use ofanti-M-CSF 
antibodies m the treatment oflBD would have had a reasonable chance of success. The 
biological md ph&rmaceutkai aits are generally unpredictable* assd IBD m particular is 
unpredictable and notoriously difficult to treat I note that the D&vakraja and Hamilton 
references were each, published in 2002, Rennet was published m 2004, and Buschmatm was 
published ia 1999. There bm long been a need for an effective treatment for IBD, The feet that 
none of the references makes such a claim suggests to me that mmc of these presumptively 
skilled wozfcm recognized that such a treatment could, work. The only way to detemune that 
such a treatment could work fa through the use of animal modeling studies such as ara reported b 
the present application, 

19:. AH statements made hereto of my own kno wledge are true and all statements 
made on information and belief are believed to be true;, and farther these statements are made 
with the knowledge thai willful false statements arad the like so mmk are punishable by fine or 
imprisonment, or both, under Section 1003 of Title IS of the United States Code, and that such 
willful false statements may jeopardise the validity of this Dedami!oa> the patent application, or 
any patents Issuing thereon. 

Declared tfei$e|| day of February 20 II, 






Diane Marshall, Ph.D. 
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ANALYSIS OF la ANTIOEM EXPRESSION IN MACROPHAGES DERIVED FROM 

BONE MARROW CELLS CULTURED m GRAHIJLOCYTE-MACEOPHAGE 
COLONY-STIMULATMO FACTOR OR MACROPHAGE COLOI«Y-STimJLATIHG 

FACTOR 1 



LTpIA A, FALKv 2 * LARRY ML WAHW and STBFAME R VOGEL 3 * 

Frora tM *tteptm*mm ^Mtervblvtegg. Ung&mwti$&r&i£&$ University of the Health Sci&mes* B&thes&a* MB 20814, and 
" emitter immunatemt Bittern, Laboratory ttf Mtcmhktiogif and tmmunafo0& Natimml institute vfDtmtol Rmmrch> muwal 



Bojie marrow celts tmm CSH/fX&J mice were msk 
ttsred in recombinant gmnMmft^ *m&ax»pfa&gc CSF 
{fOM^F)wramtonl or prnifM (ttataral) prep- 
nations of macxa&M&BX&® '(CSF-l) for 7 days, tte 
ad&tsrent macrophages removed ^^ymstticaliy, re~ 
ctiltm^d in the ab&eisoe of growth factor, ami eat* 
amliieii for their cMfferentl&tive sttfcct ftmctio&al char- 
aeterf sties, B&pmssta* of M Ag differed markedly ir* 
tfeess two popLdatiom- Aiititody pins eomplgraeai- 
mediated cytotoxicity indicated that the percent of 
M-positi^ iJsatimptogKs w£ low {-IS to 20%) In 
botlt populations, tfrdatment of owltees will rIFN- 
t Increased the parentage of Ja-poslti^e eelis in 
both SK>ptOatfc*i*s; however, more CSF-l-derived 
macrophage were i&dhtC4«ti to become 1st positive 
ttorQIi^Merfved:^^ Its mntr&s&, to- 

tal expre^sioii la density $>er cell, as mm- 
uretf by ELSSA and fim&Ut&tlre taw3rtuff& 
ces*ee< r^speetiwiy, showed that m^.um^reated 
raM^SF-dedv^el ma^ph&ges exhiMted greater to- 
tal la e^e&£a<a and higher la density per celt than 
CSF l^dved macrophages. Treatiis^tn off CSF-I- 
derived i^£?opti3g«s with r3FN-t increased total I& 
esipre^ioo per etdtare to the lewis eidalbitei by 
rOM-CSF-dmived cells, altfunggfa tlie desisity *:*f I& 
Ag per cell rem&inM lower than iaa rGM-CSF'-detived 
c«lfe (medltiirt or rIFN- y-treated). ^ortla^™ fclot and 
slot; Mot aoalysis of cytopl^sMo R£$A extracted 
itom freslsJy harvested rOM-CSF- or CSF-l^eriwdi 
celts, iiitlicated that the dMerextcse^ seen in has&l la 
expressioit wers gj$o refleeted at the level of steady- 
state, la-specific mMA, 

The fimctional capacity of these two macrophage 
poptilatiort^i to ^ttenlate Ag^peoiCle T celt protifer 



Tims cassis of pi^Aiim^tl^Ts tif tfsis ^rtkfe wets dtef s-a^cfi in pcairi fay 

f.erfl : e^U«^ ihe views* ^ the ^siifoyiibssi Sefvl&^s ?;rmvcysliy #f ihe H^iaUJi 
were eoxHfejicted a-ccordJKg; to Orse prgseipka set f&rth to the "Ckii^e i"^ t^e 
Rc?sf3«reiR«;. Nstfs^Ht Res^rfrb Cfem^tt BfSEW Pa.bi^tofj. ^JHj -SS* 

menSs the- Ph.D. iSfigrac. 



atkiii was also assessed. rGM-CSF- or 08F 1 derived 
macrophages were first cuitof&d in the ahsexjee or 
pfieseixce csf rSFJS y> j^g-puised, a^d irradiated before 
co-culture with ^ primed, piMfief3 T cellB, A^la* 
diiced T cell pcroMferatio^ was si^iftcaxttly greater 
in Tim-cm- than iti CSF-1 -derived maerophag^. 
Treatment of either pGpulatiop with rfFN--y had only 
a s^lmioal effect on fte ahOity of eit&er macrophage 
IppoMtlon to stimidate Ag^peeifte T eeI3 pTOlifem- 
tion. These Jlndiiigs suggest that the development 
of mMtire macrophages from bone mattow progeii- 
Mots mider the isifluence of either QM-CSF or CSF i 
may, in patt, titsderlie the fttoctk>oa! heteogerieity 
of diflerexit macrophage populatioii^ 

ceOs of bone matww t>rtgni pr«^«sate&»d 
dUTeresitote into more mftturs forms uyider the i«0.uertc€ 
of a family of .glye^pi-cjiMns whicis are referred to collec- 
tively as CSF |1 , 2'j , The m&croph&gtf is one such eel); type, 
bone ir^rrow-tlerlved macrophage: pr^gertitors have 
h^n shpwii. to develop sit>ng the t«iGnocytJc isneage uzkder 
tihe inftoe;nee: or mvt*m\ different typm of Q$F- CSF-l* 
GM-CSF, and, taa mors limited extent IL-S previewed In 
Kefs, a $1 

Ab tnacrophsges dlffererstistle Sato mature effector 
eellSy they acquire a series of plien^typ^c ^inarker^" w^Seh 
are: e^s^ratia] to specific effeetor' f«:t5.tlS«ftS ^r^d are a&sq* 
ciatel with various stages of differentiation (3, 4j, ^or 
example, the deveb|>mer$t of tsotype-speclf^c FeR fadlh 
t^tes the uptafes of padieks opsonized with 9ntfi.body nr 
antibody plus 0 (5). Another ^fermtiatfw marker, the 
cMss 0 MHC |Les, : fa Ag), are expressed: by iTiacre^ 
and &re necessary far the appropriate pre&ersia- 
Um\ of processed Ag to T cells which bear speeific AgR 
ii3 the content of n speeifle is. msteeuie }6-8> This ex- 
tremely ©p^elfie irtteraetien between the AFC and the T 
ceti: triggers a series of events which lead to the aetsva^ton 
mid e^panai-on nf the Ag-specifie T ceil {B f 7} r 

WitMo the past tJcea.de,. th« study df la Ag e&pres&ta 
on the surface of macrophages hsis foe^^ed prs^eipally 
Qis tts InduclbUtty t>j WN~y in $op&]&iMfm of ma.er&- 
;phage& whkrh are prtmarOy la negative {9-1.2}. However, 
early work by OowSng et al, (1 3 J demonstrated that mac* 
:rcsph^ge§ obtained; Itossj different orgat^ varied greatly 
in their b^a.^ai e^pres^orr of M Ag. For instance, resident 

* Aw5afe*ev5AtN>S* i« this pa$st\ , <«acv^age CSF: 

granLiSc«yt« -^a«apb^:CSF:: KLH, keyhole limp^; ihenis^aRjS^i £&^wl, 
Ea^'s MEM'.. ^S4l^> Ni5?in<*4 sait $$ii*tto. 
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peritoneal macrophages were found to express v«ry law 
levels 0f la Ag ? whereas sftok macrophages p&ssesssed 
«sQ^tliixtlve}j high expression* evert in athytmc mztte 
micz where the production of IFN-7 by T cells would be 
expected to he tolled (14} aati would haw £d be provided 
e&mpftn&ttariLy (mm mm-T <#M mmw&t [15J< This mg?- 
gmts that m&chmximns in addition £o IFM-7 induction 
may exist to explasn ihs setetsv-c e&prs&&fei &f la Ag on 
specific matfjpopj^ge jxipntoions during dev&jQpznent.- 
One possibiMy ia that; different GSF give me fe© macro- 
ph^ge s^uJattons w&ieb c&ffer with respect to Ag 
e^pre&siora &nd associated ftmctons, 

Its this report, we have ^xainSnetf the expression and 
fu&ction raf la Ag tM maKresphsig??;s derived toi bttftfe 
mam>w prcgettt&rs in tlie presence of rGM-CSF vs thoss 
derived from bane snarmw progenitors uftttter the iilf hi- 
mee of r^ombfrmut or highly purtftadi preparation of 
€S$M» Our results riemtinsfx&te thai bone marrow-de- 
rived m&eroph§g«s wfosch develop imdsr th% inBmnm of 
CSF v l exhibit low basal levels of Is, Ag express-ton and la- 
jspecSfle mRNA, and exhibit & reduced rapacity to stimu- 
late Ag-spe^ific T (self ptoM feratgrM when compared with 
m&eroph^es which were derived under the inQueftce of 
fGM'CSF. Both the fexpressiaii of ia, and to a lesser 
«j£6e»t, fcfcfc ability ft? taducse Ag"$p€£ifk T cell pn>Mera- 
Uon, couM be augmented in -derived ro^crophsigfcs 

by treatment with tWN-y. These finding suggest thm 
the ability to generate helerage nefcus populations of mac- 
rophages* based on the expression of specific *Sif "f crentia- 
tive markers and their immmuted functions, may be? the 
result of the- selective action of iralMdi*al CSF on the 
bane marrow progenitors, 

MATERIALS ASp M£TftOttS- 

Reagents, fttarSise CSF- 1 was pwified &xaetSy cNsSH^teJ etott" 
where Jl$|. 8r*eJ\y + Mmibki&U were gf&wft gtt&£kt£ncy in 
tfee prasmee of EMEM Snpptemettfcd wifch t.G& FCS. 2 g^uta- 
i!ilne, IS r«M SIEVES. sssdiiirra bicar bo5?:atc, pffni^J^/^trcj?* 

io^nvcJft (100 EU/ffri and l>^i3 iRg/suS, respect Jv^L^]:, »^ ^> ^g/ft:j;;i 
^tsmacia ait 37* C in CO* 'U^i esj^il^^y, 
3i*5^£««> w;±s mtst^tl, i^s C45^s wssh^S tes with EBSS :£n.ad: 
we.ee cu ituj'^^ <i i* «fMii&).o»a^ 7 4i\y& M mmm4x$& aidiuiH-. After 
Ch;l^ jfjfifi^ «f serum d^jpdv^JJon, superfi&t^nfcs were haTvc?fte(S ar^ 

tft&iK3gp54phy, Active to-eiSsan^ w^re 5iy:t^ and 3:5>pi£ed t<s ss DS;AE 

pUosp^fi?-j??»Gi gpa^lent. T^^ mate^:^ was then $&m MTk- 

Qzt SOS csJiim^, wt^eb f beerj sihww.^ p^^^km^Jy its retain jFN-x*/ 

CSF-i ftg&vS&y was recover cx1 and was pisrifitxl by i>W rzvmw.- 
pha&e HHJC, Tins CSF- 1 a<;tiv% cSuW: wSth ^ scet^?im^/ 

Mutlm fCM-£$$ w&s the g^ieratis gjft sst Br. D^La^^r^.r, 
£Ma^ft, Ss4 ^Geisevau Sssfi:t&«riaiKi^ H«iEsan rC'SF- J w«is i$m k3mt gift, 
ssi C^iusb Carp, {^TOeryvt^K, OA|. ^lirine riFN-v vs^sg xh^ gj^enaitia! j|tft 

?A>«'<? mnfffrroiytf cwtoj^.^gf SiS^frS^tJ.'ftS* Sane maTtf>w pYt^eriifes^ 
^iSt.ured liQyit^ suture in th^ prsrscr>c^ of >:0^-CSF m C&P>- 
1 fireeisdy as described prevkKiisSy il^i; Bitdly. to>e yjx^rr&w mils 

H;avlx:f, a w^?« sjfc^it.rff^el.0^ 3ympb<>cy$e^^ito medhsjn 

^iJtasx^ at J X %ff t:ititeft\&%k fiV>.r CS^- I] or 3 X Iff ceils/Bask 

ngp^« GSF ifte$ 0|, The oo>^ceritrasion at* <"3^ as *s 
tl?e ^JfTetea^s the jiarafer hzm®. mm'tmv oeSI* ^^>d<^ qjx ikiy 

mui mmtx^m^tt ,^el«l at the ersd >^ ih:Er 7-d^y <?u&wra perk^ 
Af t«r -a. M4i Mhssrerice step ^ 5 K wfe^ s^wed for the r««x>val 
rmt«re ^u>rt.<teyt<8s arid fS^rcibSas-t^ :f^J8> the bd*?« marrow, mem- 
mtMtmt trDtm. each E&sk wej^ t^r^^rred M a. se^iit? n^aak 



-cel^ ap£ft ^:^ki:«etJt^ with CSF p^O If/mf^ on rfsiy 4, 
After & $&®it of 7 dctys isi euJliirc fday- 7), maef o^^ages ware mxscwesl 
fina^maticaiij?- with 4hc rteutraS ps^^se, Dtejme U $&®zk?U^t~ 
teannh&im> Indtsnap&Ua, SNs and getattf ^cragiitig. The •cei&j w^re 
c«|3ftctM am* r^sfi^yjfied hi RPMI* 1 640 Biap^tSLiets, Walk- 

«fS\ilfe„ MB}, m0H?m®tvM With FCS &&& pther arMSWvea a^ 
deacfi&ed ssMve for SM£M»IQ% FCB (with the ^cep^^« <sf ge^Sa- 
mictn^ Our prevle?u5: sto&tes J?av« si^^wn t&s&t tiie c^iis delved in 
ihm fmhlm m mimr CSF preparation aris im% momj-naoSisar 
The K5M>CS^"- CSj'-i^ri^ ^^^.rapha^es as^s; r^uEtwrcd 

CSF and eqisaiiiy nfcdl n urrcbe f t$ ^mtiX^j;!.^ S;cs m ®mm&& 

Ltmt by thrust mtih^s^ direct s^^^c^.smt-«ii^3s^ cvt^t^fcSty 
(1 25, BLiSA, (I3S- ana i>y ft^oi^sc^i at).tJbe4y aj-j^vs^ thrt^h t^-e 

jpfiK9S t.lve s?j:aerophs^:es> ELJSA proves a rcSattve. »^asw« fiif 

Ag e^presisS.on p-fcr c.tittur« w^Jitsupt fega^l rjj.*? nsttntor af Sa- 

pps&twB ccsas. Fi:ut>ces.^s^r atsts^^y ^^iysis pm^ide^ by ths ACAft 

2#maikssKy ^1 siay 7 artd rc^ltwred 3« afes^rte^ -f^" C^F at 2 ?< 
,£0 S oeU;N/wc3] ifnj thcr dir^t ^'totrs^^eity «sssy £s»d ELS^A) «?r i % 
S<r- ce'S?s/wei3 (for flwarcscetat ^nilb^y anja-ty^is). Csiiitur^s 

eKamtned at 4B r an^ ?^ h after fcf«atoe«L Ofc^S tfmsity af tok- 
diwws-ti^atecS ami SJ^yHrefrtefS <-u^ure>s wsss verify by (SJS5«*fJf«*^ati 
rat tofca^ pretehi se «fet«rmirs«^ % iho asel^esd of Lowry ii7\ 

viability- assesawi by ^$^11 him iw:imk>th 

In the rytoloxk-Jty as?s^y *itft 5^3^ WUS* firs^; trea^ with 
xslXSnlty-prijWJ, «sAb a«t3-Sa h (10-2, IS hjbrtdama;; Amciic»5t Type 
Cyltwfft CoTi^r^aa, Roekvi^e, MO) >:S>} a^>ii incu'ba.^ fay mtix ai 4 G ' 
C awto&QUfets.tiy, rabbit C (Law-Tf^.; CedatiSfie Labarat>3s1e&, 
rktfMfry> OT^a?1:«, Csi^aii^.> rfJlated :i/;i^ to ;^PM5>2^ FCS^ was- Midded 
ta t^:t> fSDortdayer , Af^T a 4^-mJa SncdtJatt^ at 3?° C : . iryp^m blue 
was add^d and ib^ aumhas af fe-^sitive cells d^fierf^^ed fey aouat- 
tag ^Je ai^mber of Srj^im blise-ptssltiv^ e^SJji, The i^e^syxt^ie of Ea*- 
pttSSJi ve esite de^cr^iin^ after ssK'fetratrSSon ijS" the pcrqcWgs: of 
tr >t>ari htijft-pasJttw cclii^ observed la mttiarea ir«at>e.£3 witli C atee. 
0 wnixpJ ■pulsus ssjataifttsd 3 ts 455. try^a bhd^o^itive c^t^ a«d 
also pmvktei.1 a a^essare sjif the v^ab^sty aif She ^sslfe after 3 days in 
«t4tttsre r in sMiitetn* ctaltiss^ were &lsa examined aft^r trcai^Rt 

exhibiu^ s:^^ t^jatt bii$«>po.a£is'VR cells. 

For ^I-JSA { ^ S-^. ai>ie? fiiphage niKiiolayvfrs wh&& fixefl With 1 ^ g&s* 
M'mitteteehyik: ia PpB i'or SO ri^ts at va^ri: tertipfeTatof?, After ftxa- 
tion, westt wa^i-ecS est^ftSi^-Jy wiih EBSS-I '^ FCS mti ww* 
thas? iaeuhat^d with «amc preparattasj sjf ai^Afe er an- 

Jm'^vaat a»tt4a^ antib^>- icar 4S tTiiCa at 4'' CL were the:??. 
W&S&mi ami ixaaab.atffd: tvith a y«sTi«3^as6>*3fl*35jugafcBd seccsf^da^y aa- 
tibrjdy ^oat aEitl^Buse ^,^3^'}:^ Ci-i^f BiarrwdicaK fnc 
wm, PA} far 45 fnin atre«w» terrJaer^t^r^,. ib5kiwed ^ wjj&fejJXg, The 
amount, of ^aym^^fwTsjug^te^ aattfc^sSy tha£ rcaii« Jae?i: ^?s» fReasiTred 
by the ^ddit!a?> -e*T the substrate isrthaphersy^i'dM^^e and the 
jincuhatiorJ of ciaStuf es to tiic ciavk f«r 3& SKJn at roant iexrjaemtwre, 
Th<? ^Jv^VTFsyiif; ncaettors. was Si^Ofi^d With «c3daio?t *af S sulif isrte 
aeSd and the sj-baQpfeanos f«ad si 4SfQ am ^ii.^-Te^ Reader. 
B&rSir^tai, VT). s^h^tss^ee {OiVi) acteswi in cukmtts treated; 
with tfcg ^TeSevan^ ajatibtsd^ was <rtJ^. 

la denary per t^SS w»s v.^^ll5$ed hy ihrnsre-^cm ar^^xx^' auss^Sis 
thrash the: use of t^HO ACi\S 470 {IB} ^M^ricflaa l^tnuarienis ku\, 
Okcracei, ^rMly, saaerop^age sa«mo.laye!*'s weve tiisaj.e4i i*s d^- 
soriaed abeve far iss detection by ^tlSA Wjepi that J'a Urn of ss. 
^m>dd^&e->eorsjijgated se^xva-c^as^ ^ibcd>% r^J^wres w 5f.Lewb;.^cd 
wSth a i^iRrtf^e3:n-^nJi^tfcd seoondsrjf a^K^xviy igtj&i t&nti-mwwt 
3gG F(al>'5r: r .: Coa^r Sums.edim5j for eiit3 &i -4* C In tbc dark, f)«; 
i'oJiowtng AC AS 470 paratKet^ra wet« atjitfeetil^ wave.tertgth •=• 4SB 
^m, dsehroie i'Ster « SIQ .nna, step size «*• 2.0 aewer 
ffiW, &rid sesn atrengifj ^ ^ekgroimd fhi^^^mm vam deier- 
n-j^ned £>y fjrcat^??nt ftf JiaaetopSia^ f^os^^ay^fa with &uc<reaeeto- 
caajt^ated seeo??^a4 s y a»t«foody'!?fl:^y- 

ispeciffe mRN'A ^■a>5 iaalaied m*& mmtiinvSi aecojxiin^ ta tt?e petite 
4wre of Fe3^ch «i mh {1% belief Jy, S x ba:a^ a^.erw^-dertva^ 
$Siae:?oa3-?fiL^yS were- rssrotfwd ^isyra&ftealliy afier 7 dlays ctilturis 
with rGM *CBF ssr C$F- J. r T&e C«^S wesre wasHt^d three times wilh j.ei*>- 
cak3 EBaS, the ee^ pdM s^suspessded 18 *m ic^^sSd s^tuiion , 

The se31* w^js then J:ys«d aud the awclei ^^asred fros* the iysa?.-e hv 
eeiitrsfe^^fsfi. ti>e resaS^ng eyt^aatttie ssipemetot w*Sfsii^ect^ 
t& a series «f phessol and ehiiiraforja- p^aftS extA-aajaats to iaaliste 
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c^togriasffislc RSI A, The RNA was e£hana!i-p^^>j^ie«1 pvmifglbt and 
r.hs a.jMt>i4i>t RNA M&tstS oxmitltfrtso: fey measurement of 
&&^faa».-£e M MO it&V The RM min^^ilTatois was also v^l.Bftd by 
sfchSriktra brorcrtde slai^^g of foloiSk After jSr«Csip*tatJOfl + 

R^A |>r«p^*&o;«s wm; ex^TFJLirs^ by N&rthfim bSct and by h&ct 
an^sEs, For ^rtem bltzi arariy&te, SJJSA was dmatoretf, K$eK&rev 
phorased ot* a 1% &g$m?&^mvmM$ih$4is gd, and transferred to 
aitr^ceiliulose. F&r r^iat b.tei analysis, RNA was dwiaiumi «m1 $ppfci 

BvMvslls^ Kn&m.. Hltt«3£i&Jtato»& tittam Wfcrte toskfeti si $0" C .for 
2 h oo.d £h£K pre&yfcjidiEetS $vcra^ht s.i 4.2° C F^ers were teytsrie^ 
iscd with 2 w lO*€^m/K5l^'^-<3TP^tH&i«d profee (A*^as ttessrtosd: 
in dtetaa b> s Fsrtsefc et ai, ^1% %ee£he sc&vSfey « .cpm/^g] at 
42° C for iS-24 h. After hybriOis&iien'J , blots wore washed sssbtfcfjr 
gMty* arid we e*oo*sd to Slliti ai -7ft* C With fatal* 

JSffyfftg «Ste«tt», A titttkSUomtfe? (Ifeit£y StfJerrtlfte ;lyisf.mmA>nfcs ; . San. 
Francisco, CAJ was StfStt i&>c ^y-topa^^tsgr^^is &«o: tfos pS&fc 

areas torn t&e recanted $cmi& wsreeaSmilated with a. digitizer pew- 
lett-FackarcJ^ &,„ Fart doli&rs, €0$ its described eteewinsrcs ORA, 
seISs {a co^tStotK-eSj fa-j-co&jn-^ tt^Krophage eeU Ihse) were tfee te£&d. 
gift stf Dr. Carttf t, ks\Mmh \lXiii& titafcera&y Schmi of Veterinary 

BresiiOi1i< MA) aiid &Gy-v?s{§ ss$ a .soo?-cj* of mRS-tiiiiir.Jve 
mesS&ge &Fid% hs^ce, was: jftcfatffoti! as a pratfUvc fomILtOS f c?r la siiRK A 

Aki5M,mm«M f£f ^y-f.od tiered: T cefi pr^liferntMn bo; r&^CSF- 

CSF- a»d C$F-i -dcrts.t^ miicyop^a^e^ to mdsice i\g-50oclfic Usduc- 
tsesi of T pn-Mm^mn wm mzmm&S by a m<x^fica(te of the- 
procure of h££ stn-a Wcog (2<5}. rGM-CSF- ssrai -<tes"iv«a ata*> 

twftostgm mm hwvmtml at. ? fiiKS w^?-?* ^«toj«tl ^ttjer I. x 
lO* or S x IQ S s^SSs/wSl Jn SS-weE pSaiss iri i1s« «fese«cw of O^F, 
CitJtuj^s w«xe treatinl "WISI* a*^.i.uro. w;:i> f »r mesMfews otoss s-I^K-y ^wr 
48 to 7S b. Ai'ier trGaLm^it^ R^nttLaycrs jji^ls^sd wtt.^ 200 
ml of fYM%r^»terlUs5esdl JCa^«^^its-Bei>^«g, L& <M£a, Oaj iV;r 4 
h nt 37° d The raaeropbajg?; cisRures w«ri? ^;s ; ^dl^led at l$0® mti 
iO&mxttiic<$}X 40, Ima&aitioa* on3ij at ibe t-mS oi' the Ag-pok^ng 
period;.. Afier liradiatJco, the i«^nUny<;7^ wer^ w^ssJi^ a;t^ rra-co;jv 
tared mth 2 x 1 0 s rsylon w&£d-p«dnesd lymph node fcdSs faij J^3a{^.i1 
ftwa C3^rifel£ wim wUScl^ harf tarn ^s^s*a & to ? c&ys pt^yj^aiv 
with SO ^'ttot oad iaf KLH iri C^A {Difra ^.t^Fatdrl^ E^trOiL, Mfiji, 
The pKqpoirtl«m of raacjrophsges- to T «<ri?s- m stfady wii.s 
bfj^OCt OO tJ^e ^.o^fOX'tjsiat.e fooyxo: by ethers (9, 203 *o jgi . : ve S.irt5og 

Ag-afwdS'te T oeSl ^olttcrst^jn. by :«.;yS.o«- wooS pwdffed 'T 
oh^yUrS! aa tlh^f r^pond^r po^u^tiots. Mfsja^js'ha^tft atsct S^mpti rsmie 
C«Ife were eo-sjuSJur^ for 4 daya ana were t&cra jx^sdi wStfe fty 
t&ynmm. SO h ;:0,o .&£$fmtm m®, Bos^fk C^Ss 



hsr^isM mito gfetse. fiber Afters Ibe radloac^v^y d?rtermM«d 
by itc|alt£ s5CiTst^fea<3si e^-rsfirsg. the daM atatisti-eaiSJy.. 

H^aJysiiis ssf vjjjfl^tte wa^ samed o^tt «ts^ the d^fc^«^es bdiweers 
treatme»t .grott^ COtTioariSi by us*sig a s;,os.i fay l^a^t Mgsitfkant 

FOB production ami assay. Mtsr ctiitor« of r<5M-C$F- ami CSF- 
.5 -derived. iiiacK>phage caJte^s with mtisilfijjrt aSc^«, superfj^t^ts 
wm* hmmstui &i v.?xrlooa iiittes snd aasayed for p^jdw-etkw t^' 
^ MA WhMi ftu& fossa eiaewti^e 

Exami.ria.tion of la A.g express-ion on rGM-€S.F- and 
-derived m&crapfmges. To compare t-hi^ mi.twber 
d % Fa-jros!ti¥tt d&IIs in macrGphag3& cQltnres d^rH^d from. 
ham rmrwwze&l& mihm^i imMfztZttti&iv in the pr^ence 
of erfther rGM-€SF or €SF-1, the ixMkonaphatgeft wr«s re* 
cuiUfr^d in Um absence of CSF pr^tsc q&li d^o^itto. 

df^cnbecJ Iti Material and Methods. On s&qumiM 
&&y§ aver a cuKi-tre period the percBnt.ag« of 

positive macrophages wg§ de£mntn«Kl by atxttbodf srsd 
^^plemmt-medlaied cytotoxicity fF^g. ijv la untr^gicJ 
macrophages thm% mMmzil in Urn prtmmt:. of m& 
ilium tikm£\ there ivas no ^tgniftont diiiere^.ee. In lh& 
percent, la-p^tive ceils in eiiiier nGM-CSF- or 
derived macrophage cLiltur^s. |a.pprt?xlmat-eiy 13 to 20%) 
and ibis- tossd; level of ^a-p$>sitive ceJM did not change 
significantly «ver ihv 3^iay «lhs r& perifxi- When rjaltoiis 
of i<5M-CSF- and CSF^l^denv«tl macroph^&s were 
treated oa day 0 w1i:h 5,0 U/:mJ rfFN-y, both popitK^tioris 
of ma^ropl-sages ex:hlb§ted an InertJBtse jj> the pereesit^ige: 
ona-p^itive cells. This .tespcm&e was inast striking after 
48 or 72 h of culture (days 2 m^fX 3), with CSF- 1 -derived 
macropl: sages exhiMthig hie greatest increase in the per- 
cent j.s--pos5.ta^e celk, Sp&cJficaUy, si day 3, th£ percent- 
etge o.t la-pasltlve cells tnereased in 0S^ L-totved cul- 
hiresi from appmximately 15 to 50^ with riFN-% whereas 
the penx-otage of ^pessi u cells in the rGM-C^nferfved 
cnltures hicreased to ority 30%. Tim viability of both 




Flgur® L ExamtEsatiecrj. of payeeat !a posStivc ccrlfe i« i<5M-CSF- aaa CSF^- 1 derived laacr^'aa^es- feiaeFopha^S; (S. X J (3^ oultiteed to ffee: 
j¥^*H^ ctf c^F w«f* ^W^: (m 4§sa>-$ 'Sv amtl 3 ^.f^r ffwos #t mntttm wito. smsGt mstitoim or f^,o itfml tWW*y> pmxLvtissgt fit te'pasffix* 
calfe wws detcrrsntfs«il 5>y «Ji=nfec<f3y arag osoT^km^nt-?oeOi«t^ oyfisjtsjxisSSy ami wp^ks «jf trypan bte, With^o arsy indSvtdarai cx^fit^esit;, SOCS 

Sndi^rfMRi «xp^Tin*«sS* >or sriS^CSF aoc* « « to i I <ndlv.ijdlw«S. c-Tcp«3ri:mssfi:<» ftsrCS^-t (fcy tsaSng «JShsr highly pofifsatf ssf -rCSF*U 
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BAYS R* CUHWRg DAYS M CWjmE 

Figure &. %Xftmir%tf4o\\ tats* J.-a *?*pr«!®te<r5 by in r&IVS-CSF- iisid C^-J ^^Ivesl ^^ro^l^g^s, &5&irr!t^hi&|}ps g§ x H)^ wen? £ulL«r*i^ i^c 

fttrefflfctf €SP a-rctS were assays tm -tfays &is£'S*r trssiftWBl WttWrmztiitkm ar U/ral f#?4-r, Tto ffssjK^ay^rs p^af^^^iM^^c- 

itsp- ;mihvm\?. mim ± mM for = § 1r 7 tfsrfivttral cxpcrioicEite for rG^i&F arcd re •« SO ta i$ ta&v&tattl axp^rtatftAte fat C&M % using rttow 



eeE types remained; high. {>0S%} over the 3<lay culture 
period, 

Antibody and complement • roed teied cjiitfoxteJty sneas- 
ttPftfttetttS only provide infermaikii^ shnut the pe-reesifcatgfc 
of la-positive ce^s, without regard for the taUd smount 
af la Ag expressed w&Ma the population, ELISA was 
«&rrgetf dux tommpsm the to&i la expre^slor? wKi™ these 
two populations of ceife over a 3 -day culture period io the 
absence arid presettee of tlFN-y (Fig, 2), In the absence 
of jIFMi'-y,. the- hssal levd of !& ^prt?s$i?o^ {medium &l*me| 
remained relatively constant oyef the 3-day cutture 
period for bath CSF- 1- smd rGM-CSF-deri^d macro- 
plages.- Bt>wever. r0M »C3F-tter1 yet$ matsrophaiges exhib- 
ited a. much higher tasaS level of is expression than dkJ 
CSF-l-devlved xsiacg^feages. This fading was further 
substantiated by amUyste of ste&dy -state* ^-specifie 
mRFSA in medium- treated rGM-CSF-- CSF- 1 .-derfcwd 
cuitara. Txi do this, eyfeop-Iassnlc RNA was isolated, from 
bath popatar.ion^ and was emmmcd by Northern bfet and 
slot blot analysis for qtiantttaHaa of Ja-spedf steady- 
slake RNA (Fig. 3J. By using either method of anaiy§i$, it 
wa^ dei.^oi^iied from densitonetrJe aeans of ay;tr>radh 

possessed approximately fo^rfoM greater quantities of 
J^-sp^esfje , steady^tsle mRNA tha^i CSF- 1 -derived rnae- 
rophagejs. 

Tnsatmisni nf ?OM-CSF-dedv^ m^mphsg^s with 
rIFN-v did not increase their level of i#t®\ la exf>xe*5^ion 
as me^ur«d by ELBA iFlg, 2} s Le., v esipreKsto of ioJ^I Ea 
remaned at the already elevatM UsvtSst qlmrved M me- 
diui^i-treated cultures. However, fn the presence of 5.0 
U/sni rirs^ CSF- 1 -dfsrlved msterophsge© snere^&ed their 
totfti la ^Kpres&idrs t;q Sevets -«xhtb&ted by rGM-OSF-d«r£ved 
ewltuifes, 

D^<g:r*n£ft«iCon of M dten&ity byJlu.onssc.ent antibody, 
analyst Slnm the msmbers ef l^positiv« edis w^ire 




KNA : pef sU>^ w$i& :'i^:-U?:cS to she ^ssti^cibjl^fs: ^>^rj and ?j ftssrthesn 
[ito v*hKh S- m$ RNAfhmit w&a \& the .jgd j an? ^ybil^i- 

« «f»j.i.^ t>i «esTi<s?«M lively ^xHuc^S:. ^-s^lfkt iyjRWA. 

^pprc^imal^ly equivalent in enliur^s of ined tor* - tr^a Utzl 
rGM-CSF- ar^d C^-l -derived macrophages {fig. I| + but 
the io^I la §xpres&3ton ( a© measured by EL3BA, was ssg.- 
rdfie«^tly gress^f in rGM-CSF-ckrsv^d eelk (Fig* SJ, this 
Jed to the hypothesis that the rien&ity of ta or KiM- CSr- 
iderlved s'siaerophage© was stgniOcantly greater than «m 
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CSW- i ^derived cdte- To test this, hyps$h£S;&< the dmsM:^ 
of* I'm on mtiimtixuxl mticnsph&gzs tixttmin&d through 
the use of the ACAS 470 which allows for tgu&stiu&tive 
analysis of fksarescent ce!J surface markers «jrt iadividu^l 
ceils within an adherfcrti cell population** Through the 
Lise of a ps&ud&e&ior (wllfo wMfce- being ih$. highest 
Sevel of tateRStty), the degree of fluorescence a&sacMed 
with a particular eefi can b$ vimmMz&L Figure 4 Muss- 
trtttes the dlstributum of fluorescent staking for fe 
fjjcprs&sslart lt\ metilum~tr&&t&ti smd KIM- 
CSF- and CSF-l -derived 'macr^phsges, For each field 
scanned by the ACAS 470, comparability of cdS cten&lty 
per -field was verified by pha&e contrast mlerascopy. Fig- 
ure 4 r ^ and 0, demonstrates that although the number 
of la -pos stive ceSte w«re found to be et|&ivalttss (Fig. f }, 

w zmymsiSzsiU? '<h$mh%4 for ttttttSysis &y starcdtsrtf ilmv epfco&fnfLry has 

si-vif Tace iiwtetfris. Tfomtf<srt?., ih\s nttthad pra*-§£&s mare f £csc -JlsLHty localise 
Uw!:*^; Eg •i>ti3£tssf« ssstf t»Ktt!ataed wi I. Iv^m; having to be detached 
for analysis, AkJs^i^h tSae ACAfi *K> jx^tfes* £ jpscMffosnSesr 
InOgtustty strife fnjw* Wiwf to w&tts« t&K btagfc. ami: while 'pJ3t&*^rajj£iy £<f 
ths g&sbrseef c^osf Emag* pwktes adequate vteualteaLten ot" risressVy dtffer- 



the density of Is. cxpr&sskm mi medium- treated, CSfM* 
derived macrophages {Fig, 4*4} wm ^ ksw, when mm- 
pared with the fluorescence exhibited by rOM-CSF-de- 
lived mscrttphagfts fPSg, 4BJ, that most of the CSF-) ■ 
derived eeHs could net be: visualised. However, after rlFN- 
7 treatment |Fig, 4C$« them wa$&tt imsrs&M in the am- 
ber 5>f fluorescent ceHe witbS« I he CSF* 1 -derived pejpu- 
laUoB, we!! ass a t^^rk^l increasse In Ihe srstensity of 
fiisaccscEn^- its ssddstfcsru the d^ns-lty of la per cell was 
siHI less than that seen Irs. medium- r1PN*> v tresito3: 
rC*M-CSP-derived c&M. Treatment of rGM-CSF-derin^ 
et*Uu.res with rlFN->- t^Jied to alter ^gniflcarsEly the num* 
hzv of pos^isve ceSk deteled by the ACAS 4?D or tin 
already high density of, la per cell [Fig,. 

tGM-CSF- and CSF-l-d&rw&d macmpteagex. Th« f'd^.- 
tSoirshtp of la Ag expre^stim to the ability of macrbphsge^ 
to- furtcite m A^prmmtlng cdl« has been wdi-ctoeu- 
minted ffl 9. 20, :S4|. S5nc;e diffrjrein^e^ in la expfe»S§C!d 
were ob^e?r>^d in these: twt? eeU populatiotts^ the <??ijMt:?- 
is^s. of these cyltures la induce ^g*»peciftc T cett pmlif - 
eration w^s also assessed:, hi Figure 5, rGM CSF^ or CSP- 




iW5«t*«5 ;fkiS'Fcseees3sted .ssm^Qsidary ^s-iisbixsy ml$ x<rif\\ SnvU^d' ar?^ sfcsswtrd i'iitlo ds^.tT table fliuw^wf^P, T?s« iteUfk stxitmrx) m\ thx **mis<$ 
iriasT*>p3h*^>x 2>. Fif^^reysi-od. ^M-CSf-^^r^cjcj m^'ss^Tsi^:. S^ch f^usrc srcprrawsiis .<s s-u^ repr^fi^^i* 1 $s^iJ \*M*h vmfsd ^ha^n 
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IN* EBFEAM COKCENttteTION (UML) INTERFERON CONCENTCRAIIOH jWL) 

Figure 5, COfTCspartsstrai of ^spefe&fci T ct^SS proliftsp&fcbsrt to^ucCte fey oati CE3M*desl¥ed ^acro^ages, Ma^gte§^ w&re ««jtus«<S air. 1 

x %&fmU*m (4? ar 2. w to'/ratture $» the at:<s«i-scfij ear gireseras of jtfFts-r 5 te» 3 At time the;/ we** i»as<s£fc wssfc Ag :|"KU^ f<w 4 gt» 

Cttftttft&Gtt «3»5p v * asttJ £hfe*^taftg&ve taeorperflitoft ttt&ffittngl fe# ^o.Jri ^i#HHatl«S3 fcout&tag, Th* data repes-em the amta^si ta&sna ± SEM far n ** 

Stow ffe* ^^rSmsrafc vstes, ts*t rather, are toekidft£ pss-t .<sf grapfc,. Waftfc* <3fFfcak* toSjm^R?. grawps (three Snaked % a» asterisk), sCcM-CSF - 
tieifrrctS macrophages ta&urag sEghJf iks&nrty gfWAiw ■ A^Kjjsefif fa 'f osdi preSfeMtofs {/j si thm. C^^ l^ti^i macrophages. 



1 -derived n&&£gft^hi3g£& were cuMwcd at twu different 
cmw&ntmtknm fie, ; X X 10 s ami 2 x 10* ce&i^etfUure} 
sad were incubated with medium or rlF^H (0.5, 1,0, or 
5,0 If/ml] for 2 w 3 days, M toot mm., wem Ag- 
pxilmd. vfiih Kl-H and irradiated. The ability of T eelfe 
derived from KLH-prJroed mk:t to proliferate it* response 
to Ag when pra&Mt&d. by 4:hese macrophages was Rie&$» 
urai by uptake of fcritiated thymidine. M ths cell e&rstrols 
fmacrwphages plus T cells tn the ateence oi Ag), rGM- 
(2SF^kt?M tnae:ropb.^g^ were nsore stimit^tory for T 
celb than CSF-i -derived nsacrophstges. Other cmtrols 
Included T ceils &lone or niacr^phsges alone an c! o>:asisit- 
ently l»mr|)omted. tljari 500 ep«ti/eu1tiire {data not. 
shown). When Iftiouft&i&d with tnedlujtj. m}*m® (before A.g 
pylsioglv rOM-OSF-derived macmphstges were capable of 
sfctouMlftg greater T mil proMitmikm than medium- 
treated CSF-i -derived cells, rJFN-y treatment had little 
effect mi the ability tsf rGM-CSF^derlved srsacrophages fcs 
stimulate TeeiJ pr«>Mferatto: b.oweyer, fcra&t&ient of CSF- 
I-dedved macrophages jiw«a$M$d their ability to stimn- 
fete Ag^pt^in-c T ceJl proltf ex&ton sliglrOy.,, although this 
dlffer^ne^ was not found to be s$$£i$U£a% «$gnif'tei*t. 
At 2 x 1.0* mQcrophages/wey , rGM-CSF-derived macr^ 
phages conilou^d to e^Mbit greater Ag-s-peciflc T cell 
praHiemttoi tha« CBP- X -derived macrophages, but at the 
highest; eorieentraiion af rIFH-T itsedl (5,0 U/f*a!|, a depres- 
ston of Ag-specifie T eel prelifftmiton Indwe^! by the 
rOM-CSF-derJved macropbages was observed. 



CSF -l deii.vt>d macmpha&eSr FO have beei> sb^wn by a 
raumber of lnv«st!g.ateB to inhibit ia e^pressto in both 
rodent and elicited peiitmeaJ jj^eropb^s (25, 36}, FG 
b«ve also been shmvji to iHhlbit mltjQgen-lndueed T lym- 
phocyte prollfemtioo (27 -30). -derived 12^ 
roph^ges exbibit lower b?t^s| kvek of M mpiesMon than 
rGM- CSF<!erlved macrophages pigs, 2 and 4), as well as 
a tester ability to imiueE proiifomfcjon cs.f T lyjiiphoeylLes 
bs the al>sextoe or pj^moe of Ag (Fig. % we oe&mincd 
the level of PGE pn^iuced i« rGM-CSF- m CSF- 3. derived 
cyitiires {Table I}. M»€aTOpfegtg«s derived from hone mm- 
row progeiisf-ors to the prince of irGM^CSF pr?Jd«ced 
appro^iioMeiy higher FOE tfc&n macro- 
phs^s derived in the pre^eraee of CBF-L 

It has bem re^g^feed for m&tty years fchat la Ag are 
esss:ritM for the appropl&te preserjitarion e>;f Ag' by AFC 

TABLE S 

i-»-*-»\y.'.i>>',n",v 1 \ 1 \ 1 »\ , --------- - -^- -^ r.'.-.-.-.-.-.-.w.-.v^.v- . . . _ _ _ 1_ ! "' ....... 



24 or 4)8 ,h a.M wKt«- sssa.yst? f or activity by 3^1A, 

4s«{san*4:<f ^.tHSdraeats sad me m% JSmSt» {in tecr^lsl f«r 
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to apeeifte T More recently attEnHon has 

focused: to the mechanisms fey which Ag-&qaf«s&ipn Is 
regfcd&ted* SjreelfScslly* SFN-y rias been shown to b£ a 
principal lympbokoie r^poftslble for up-reguMfcag la Ag 
expression on macrophages (5, 10-12, 13}, as well a© cm 
athm cell types |32-36}, and in some £fodte&, enforced 
e&pressiOB of ia has beers corrected: with frcerea^ed la- 
dependent accessory fusions (9, 10, 31, B?l These 
studies were carried out prf ro&rlly on nsaero^lmge pftpu* 
laifsas which express low levels of In the absence of 
Inducer,, However* ft km also faetaa reet^teed for mm 
ttoe that: sdbpDpiil&tion?5 of highly I&~posi : dve macro- 
phages sxl&i (I3 T 3Tj r even in athysni€ ntfde miee p>% 
where the availability of gf^ger&Hisly produced, T eeH- 
detlved WN»y to fndtttie aod/tar m&fo&tto la expr-e^ion 
woufci be markedly limited This misses the jpo«©S.b^ity 
that other rft&eh&fli&ftss aiay coiiltitete the develop- 
roent of eertron populations of ia*-pesHive raaeroph&ges 
within the body, 

OM-CSF and CSF-1 are principally respTOMMe for the 
dilTttrentlatlott of macrophages along the monocytic Mrs- 
cage flj. At this time, it l& rioi: clear whether these two 
eyt&kiries act on dfeserete or overlapping popuLaLions of 
tarae m&rtxm progenitor f38 f 39] or whether the mature 
tnaexDphagea which arise mider the Influence of the&e 
dJMinet f&elars are ftmetionahy <1i.st.inct, populations (1& 4 
39-41);. Early studies by Lee Mid w^sg (&K 4-2} 4emo«- 
sCmted that macrophages derived from h&nfc marrow eefe 
simmer the: infhrerjee of erode preparations of flhro'hl&st- 
derived CSF p.e„ shown by others to be prineipsiry C8F- 
I {'43J or a CSF found in endotoxin -sti mttf afcect tung-con~ 
diUoned medium (te v * either & or a mixture of 

CSFJ (44, 45} differed £» their e^presste of la, Speeifi- 
cally those cells grown m the exude CSF-i preparation 
exhibited lower la Ag expressk*ji and presenting* 
aetivsty than ceils grown in lurig-eondit ion ed medlon*, 
hut the expression of fca oa the CSF- 1. -derived eeiis epuM 
be augmented by exposure of the ceils to crude Jyrnpbo- 
Mnt preparaikam Similarly, Cstam&i et aL {4$) showed 
that hone nov «eil« cultured la crude ftbrobkst su- 
pematsiits gav« rise macrophages which expressed 
k>w levels of bu t erold he induced to become 1st -positi ve 
^.fter exposure to lymphokines. These authors raised the 
po^Si^folltty tb^t CSF may st^t as an arat^onM to the 
^tim^lu^ for la hKinction, 

By ts^lng recembinani and highly purified preparations 
of GM-CSF and OSF-i, we Imve oc*rsfirmerf amid eKten<k.<i 
these: J"ir.$)dii5g?5r Spee^fleally; rnaerophag'es derived ia.nd.er 
the InfMenee recombinant ar purified, natural CSF-i 
pfmHess. lower basal levels of la Ag e9cpres^lon« exprescs 
reduced levels of I^speelfic mRN A, and are ^gnlfie^ntiy 
Mm eapadle of inducing Ag-^p^eJf ic T ceil prt?liferaf.fi>n 
when cQ^iparcd with. :tOM-€SF-deriv»d raa<jrt)phag5» r 
Tl^y^r tOM-dSF' giv^s- rise t;a a. popiTtlatlori of mature tnae- 
rophag^s whieh js intrin^ie^jiMy more Ja-p^tive and rnore 
capable of ia-related ruitietiosis iter* CSF- 1 -derived mm- 
rQptmgv&, Inasmuch, m PQ have tewn ahenm to fos antl* 
proMfemtlve to lymphocyte® p?~30) and het:^u#R PG 
haw been t« dow^-regu^.te f& Ag expression on 

iriacroph.age^ 2&}. the potential role of FOE in the 
differences -observed iu tx^^aj la ex:prer^}Jen at^i fusietloji 
of the^e two ptj-pwtetto^- was exani^ned.. The fBiKliug that: 
rCJM^CS^^rived maeropteges pnieiuce apomxsmat^ly 
10-foM greater levels of PC»B Chars CSF- 1 ^fcriTOri raac:ra- 



phages would argue against the po^ibk role of FOE in 
the maJnta&socc of iow b&ml M. expression in QSF«t~ 
derived macrophages, In addition, our ftndliags ttre in 
agreemejit with those of VesjM et al, f47) in wh^eh PGE 
had no effect &n the rn^uiatian, of la f^presstoii ixt a 
eori^titiiy ve Xa-expresslng; cell line, while demoa^ti-atiog 
it« InhihMo:^ effect on transient la expression, in macro-* 
phages after Inducfcto by lytrtphokines. 

Another possible explanation for the differences- in 
imml M e^pressttott e^ibited by these two pppi^^tto^ 
msy exist hi the sb^rvat-to that ^ ex|>ressi&n has Imvn 
&hminz previously to l>e -d : ow:n-regtiiatecl by IFN-^ (4B, 

49) , it ha^ hee$i demonstrate tlsat CSF^l*deri.ved mm* 
roplssgs^ produce detectable levels of IFN ^/^ and exhibit 
many IF^R/^-dependent iorvetioi^ (h?,,* reslstasrce to vi- 
ms infection which is reversible by Lreatment of etitturfts 
with aritlhsxJy to WN~®/& 3 ner caused FcR eKpression 
(12< Thl» In striking contrast to the fKiikire of 
rOM-CSF-tkrived macrophages to nnm infection, 
the ability to protect these eeUs try pxetreatsaeM with 

m well w their relatively low PeE espaeity [i 6, 

50) , Thus, it is possible that endiDgenous JFH-o/j? produe-- 
tioti playg; a ^gnifica^t :ro!e in the iaatntoariee of low 
basal 1^ e?£pres&tan in CBF-i -derived macrophages a^ 
well a^ m t\m ov^rexpressto ef la la rGM-cSF^ei^ved 
maerophsges, 

Although rFFN-y was found to Increase ia e^pressto* 
on CSF- 1 -derived nracrephages, the abOity JFK-y to 
inersa&e the capacity of these ceils; to drive Ag-^iJeeiOc T 
eeii prniifeaUon was only inttrhna^ {F|g, 5j, The ability of 
m^eitiphages to fmietion as "AFC K is a corfspkx p-sw'e?^ 
whleh h:twives Ag uptake, Ag pxmzmisig, pressntatiTO 
of Ag Sn the ca&t^d: of appropriate la .Ag T as well as the 
pre^ene^ nf addltJanai maerophag^derived §sgnaJ« (re- 
viewed in Fief. 24). The trs&bihty of increased total 
expj^Ession In CSF- 1 -derived raaerophajges to re»o5i iti a 
f'unctiotia:! inereiise its Ag-specBfie: T ceil stinieilaliori 
pmm nn lirtere^ing qtaestlon e^s^oerning the retoiisiee 
of total la espresMoti, Diie possible explanation for this 
f inding m-sy be that the density of U Ag available to tbe 
Ag-prirned T eeiis is eritiea! for maximal stimulation and 
y^ay sii^ge^t that a threshold level of ia, is ret^ulred f(3(f 
Ag-^peeine T edl proLt?eratL : on. it Ss cie^r from the fits- 
orescent antibody analy^?j (Fig, 4C) that the tieft&fty of 
la Ag on rIFM-T"treated > CSF- 1 -derived maerophagejs still 
remain ies^ than that seen in rGM-CSF-derived eels 
{medium- or rtFN-y-treated|, ^en though the total Ut 
irsessaLi.Ted by E1JSA| 1% equivalent a.n.d: the number i>f ia- 
positive macrophages is actually greater measured hy 
direct, eyiotoackdiyj. Thus, the density of la orj individual 
CSF-i -derived macrophages may yixopl^ be l:nadeqy.ate 
below mreshald levels) for optimal Ag preserstatkm. 
Alt^rsiatlvely, redm^ed preseritafieo funetlan may reflect 
a failure of CSF"- 1 -derived. srMcroph.&ges to pt®c%m Ag; 
eorrectry or to develop soirte add^tonal eeli s«rfaee 
tn^rker(sj which is f&rc| w^ees^ry for T eell stimulAtJojj v 
§ueh as Dt**l (55-^7^ Although we hove no data which 
compare the processing eapHhilities of' these two popula- 
f;tei of cells, the possibfc h:iVoJv^ent of n>t tfi fehs 
differences ol^rved with reapeet to T eelHndoeed pro- 
Itferstjoii has been ex&inra&sL No detectsthie IL-1 was 
found in supematan of medium-treated r0M-QSF- or 
-derived umeropMges (data not s-howrs]. However* 
Oje roie of inerohm^-b<?™d IL-I fflsay he of jmpattance 
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msfi is curogR&y ttttder investigation. Last, ttas ilft&ittg 
fhali expOBiure of rGM<SF -dem^ macrophages to high 
levels «f ted to an inhibition &f Ag-sp£Cffte T cell 

pmiifferalitsn at high cgH CDtf^&fratton is cc^stetent with 
previous rejpwart© of IFN w 7 v iwd«ces3 suppras&ioii of Ag- 
stiinnk^tedi lympfoseytt* j^tilifsratlon. {58* 59), 

fft emi£liMk*a, this *©|HWt e^b&$h«$ a f^cttorcaj dl^ 
Unction between macrophages derived ttisdter the imfia- 
*?£tce of GfifrCSF V® CBF- I- Sfotia the ppxfoctton of GM- 
CSF has been ascribed to cell types other than T 
{$0-62)« it Is posstttie that tMs foraa of CSF is respond ble 
far the development of t;*-jX3Sifclve macrophages Irs sp*> 
clftc organs in the absence of a sustained iFPi-7 signal 

/\cfeno?:^j[^^meri^. The authors wish to thank Dtoa 
Fertseh RnggRt for her help in £fre staa]j*«is of la-fspecifse 
xoRNA* Marts* L, tecomi) for her he%> hi the smiysfts of 
F0 production* and Dfs* M. Mchele Hogsrs and Marlon J, 
Fulte for their helpful rngggeritfec^ during the prepsu&ttott 
of this mroumrtpi 

% Header, <r, c d, jb, v«w R$ps, sxnj c' sfcew*wfc a «*wM r<sr 

the Hgut&Ucni of myetapata&ts by specific factors »£ f^uio»ryfce Slot 

C« IS, Waters, W, T&, Cfcaotas, «ud R» vats Star&tk 1-983. ProJtfcraikwi 
&nti rJftfe^riJ.Liiit^iti: a£ ttwn$$ucfc&Y- $h$g$$yt±$. in vstjso- Ssi Mo^^ff^- 
clear F^Gfgf>rjy;if«s; Ch&ra^Wrisii-c^ Physiology and Fanctl&n. It- 

4. $Mm* &. "The acifratfeui »f mwuarcMsfeai- pfca^yUasj: /act. 

ft*aoy : . &ttd future, fwwwrjoi, i Sls&l 3. 

3rt ««Uf^rt f ^^gF^tta 1^ gK^ft^ .ptg. T i^jss^hGcytcs Heq>atix roe sals 

imams* 

s;sn?riw m^mph^-c !a-'.atn^!Ki3. cxpjrcsston by products* asf acUvstftri 
j 3 if 315, 

53, Cowing, B, EX. iMitpartss, smti St. Dinkier, t&¥& ^A&vs$>piwgK 

acttvatiesw % ■ i«si€tf«f«j*s^ ^ tmm^ml f 104- 

jKras^ani&ora responsive to g$»nito^^am^^ zrtmy mimsxtet- 

17. 'tktws^\ 0s ML 195 S , Prt^ji. .^^iTPfemcwi vrith the f&tin m$0ttL J r 

IB. Wade, M. H., ^ TrftsfeO, *»flt 9fi, ^tS^^r.s SS^ei. A fluot^t-s^ris: 
p^^^^ch^g assay of $ap ,j^acsto:^«a«dJia.te^ ^wm,uii;^t?n btv 



d&tetf fey eJ>*5-jpS Jft ^rv^Ss «f mRNA. J. Smmvttol 

lunette??!. ^ /PRffjiiriO^ 1^5;^6 V . 

»1 .. W^WMf, A, C,, ViSg^, 3D, L- ROs^streilGk. 3 ^3 , Aiihftt^ 

I3ckkjfif, N«w York, p. j IS. 
33, W^t, I,s St 1 Prr^^i^Moi-? &jx$ qifajit Sutton of p-xw^l^mt^^, tB 
Chaffs*:, ej^ft, l^sw^ei D^k^r, Y^rk, p. 42%. 

m. Kmbl, vTr., F, A, ^rtssta^antJtiHi in the s^g^JfFf.km ^ Immune 

30, Mocifey, J... Side jm>s^&i^:T$ns s^CT-eteri by faacarajsha^j ^ 

Km^s mil II Grey. i^BSK. Asitigen ^i^^^kwx to T«'JE hybrid-- 

Sex-)*, ja'n + it m and J. W. ScSiya^ j 3* «mti^x» ami 

associated 5nw.tent JjfesJtss «f* l«tSwe*d «tai.«itaj±eoiiA% .in ^fsisk saf t- 
■dejagflAfent Blast <r«lte by reccm&n&nt mte?fer<i«--Y, femti^,, 

Knft\ M, W". Farrar. C* Fcst, 3Eat!Bff«ffOfti v 

^aakac^.A^am^ha^ *3atey-^te^a£Sjig ts&csot- ifshl^J: gmwllh 

^3;U-tre35 kR^^tfi^r *kB JSfoi?_. ^j?^'- 3st VSA SSt^S:!^. 

arsfcljg»ii e^ppesisloa on hymajs tbysssEc J, 

Gsmt^epjs, a 3^ M, A, A, J^^soaa^ Stnd A. 

Kmwman, Stspe^ns^"*t* ^ ^asjan k^kEKyte^ t<>^^«. »iifecM- 

c£a£&3£ snttge^s. J 1 . J&x'^v M*i:<3, H34<.131, 
3&r J, Bl, M.> A, aSmbrOEse, Jr., J?. Cus^aW j €, & KMss. ^, 

■*wdo4hdSnm is indt&ctib^ f>y 4e<*v#£*?lT f^lJa sad by humstn. v 

37, T^ff^OvaK S >H F, D^Sa^t^^V FeStosja, assd & &r:$aJ r J.^i, The 

CfitS co«amjj^nftni ttt gmfsnlocyte' sn^s^JAge- |j?^n£tkwi 

iiS, Kokg. F:^«^£n£5yffi«f5 <it£"to«^^ a^sS ^vatl^« ^ tr.^o- 

fcplsa^esa. Im^ii^t Twin® 7t6&« 

SWa^W J»ft«em«!Ci*»jr phagtx-ytss ^stn^-^Jtig M$h and to- S' «5^:o- 

tot, C, . SWHt M, Wong. j>9g& h^tsji^tieSty of ndtt^^- 

tfer? ^ ^jltl^sn fjfffisssntit?^ fi*».e£itKrt,.J^ imm«?io^. 3 1'&Sr&gS?; 

fKrodsK^esa and jgmwth, FttdJlcaticci ai^d sosne prapftrttas ^ the oot- 
«5>y iSl^RiruliR^ng fssck^ mt^iSiLttn o«Wi«5^teed bv sncs-asa L oeSj§....J. 

44, Sftsoiau- A., aa?d p.s BStetoaJS, IS^S, ap*c3i"^Jt : y «r a&iswa of e«toy 
fetors in tin MfmmUx&im gfanwk^t^ ?m*c* mac- 

&sd M, 0'€>^jxm t e^a, ^ft«*s?*. Lsassg Asa^ tositoj:, jr. 7. 
4S , a^ess, A. W.> 4... C««*B3kaTi«> Mo^if, iWr, tWifi^U^ 

assd gjrtqjsrfeis* from &m*m fe*^sGondi!itonesd: in$<S?«m, Btot Chftw. 
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46, eSalamffi,; JB;, D* Seller, *«kI & R, Otiafswe. 138®. RfcgtMton ©f 

4?, Ve^pa, Gr Jqimsosi... W, A, A3dr?<;fe, asstS El S< ZwiSJmg, 

Modulation of 3tA «tt&r**sl8& iUsijk of fcftet ?tf pcrs^ja^Esi^dSns; 
gk^rorttoLds art m^mph^m thai ^itmvm&fy etiptess l-A. J, 

4& Ujs$ £*., M. Wasgran, aa=a a *L Yfcgei 3 Antagonist m&si 

4&pre$5ttta.af sE»eftspti«^gc 3a wqsrassfon. Stop. Med, £&&K*3& 
m, Paifc, L, A., afifl & Vc$f& S 9$5 . QsmjfcirtSfln of terns iBOtfOW 
sfcftvisJ FftserapMges p<s). grow* wttk grSHii^te-Me eoJwiy 
utaUrtg fastis" £OM-C$F| s?r Ksasrropta^e colony sUmii&ilssg factor 
Star (Mtcren&atti** maifter* itfro* fifcasftivity, J- 'LetiJto- 

31., Aloe*?*, tt* ML a I^sea, XX tV\ Httftffcm, aai& J3, T. tit**^ tm4. 
JK^cs^g*«ki5 ragstiasStftfi #r maerop&a#B proUfssrafAvg c^afw&m by 

E*tD*y <^f f ipfittwttaiJoTi a^gaal, Inf^vt. immkzi* 
•S3,. Kuri-J<y&<£&, ®>. A«, W* Vt^ss IV, an4 it St fteua- 



tfl-TBplex -i(sffQGt» 1m 3«sc;->^a^ss K&iutmmtfr mm^mm 

aKtibody trespass by e^bxtxtetiTg the f wTictio;! ant^jsa^ tTB^Ril!^ 
i^^y-stttTO?^^ Uij>*.m 0&-&$&y. iKi&$mm mmgp.^ 

SO, K^^ts^ f ,N, D> Mete^Jf, ^ Jofamaa* a»ii A.. &w$ss<3> 



EEGULMIOM Of MHO CLASS It GEFfE EXPRESSION 
IN MACROPHAGES BY HEMATOPOIETIC 
COLONY-STIMULATING FACTORS (CSF) 
Induction by Grar^locyte/M^eropfaage CSF and Inhibition by GSP 1 

By C8EEYL L, mUMAN * CARLITON G, STEWART^ 
V1ROMOA MILLER * TAO-LIN YI* akb THOMAS B\ TOMASI* 

*Itefmtmmi &f €dl M&kg& University qf'Nm Mmkv ScJmi v/AMuiw, 
Aih^mrqsx,. Mm* Mexke ST131; md IT&t (Mi BMsgp Gf&ap, Lift Stimzs 
Timsmn, tw Mm& Natkmi IJhwy, Lm Atoms* Nam Mmw 87M$ 

Ti*e class II MMC mofetiJftS c&pnessed oaa. mMg&B^pi^acjatirsg cells higisiy pe*fy~ 
morpy «v .ta^md&merie cell mtfmt glyztipimdns that bind and ptwmt protft^ytfc; 
:&agt»e»t» of fordpl antigem to T m initiate the srrimiintt response (I), MHO 
dass II (la) xnolmifeare composed of a a s-tihiflit rto&ciovdeRtly ^sdcbi&rf 

wish a jS sdtamit A third fiOiipdytHmphk invariant chasa (li) of 31 kD 

.may be found a^riated with la molecules m die: cyt^pjasm am* as &e cell surface 
In contrast to the csmstkutiw e^pres;sit>i3 of la m B cdls> the expresgtoa of la and 
11 in different macrophage popidatioxis h&s been reported to ite i&dtts&d by 
{% % !L<4 (4), and gr^uld^te/macFopS^: CSF (GM-GSF)* (9, 6> Usbtg highly 
purified m-MTOphages derived tan in vitro boris gaaxrow ct&ttHNK, we hum. deter- 
mtiicd that ths r o^mhmant horjat©pokz& cdtaira^d^^sii&g' fai^ifs CSF I &nd GM- 
CSF dMFe-r^itJy mpslate la and li g«me and protista expression, it* m&£tx>pfa&g&& 

Materials aaid Methods 

Bone Mmmt* Cuttmss. Bone marraw rnacrapft sages (EMM) wEre derived from short term 
m vitro c^toes of 2>BA/£ or C3II/H$y rKutii^s marrow cells matured ais 2 & 10* 
smcksied ceJWsrti in. raedrost suppkro^ntsd with cd^ttMkbnsd medb.m 

c^Rainiisg "CSF4 (LGM) &md i$% FCS (rTyObw* L^prattark^ Lop*^ UT) as pravkntEly 
dumbed (7), After 6 d, the adherent utacmpba^ in these eu&ures were washed m FBS 
a^d wer« then sfctomSatcd wiih fr^sh a v MlM supptaimited wltL eieh^r r^mbraaistj CSF4 
(>9W purfe % SDS^R%OE; ss^d In emr epiim^s at Cfl^J- Cvtm Cmrp,, 

EnteryviMc, OA), rccopibhismt m^ririt? GM4jSF {obr^rsed either ham kmrni^ Seattle,, 
WA |>§9% purs; 10* CFU/ni.g pro£ein| or the Mnd gift: of J, Gassaft* Utuvcrsfty of 
G^ifbmk, .Lob Mgefes Jdmv^frwae.CCfcS mp*mmm\ p\txx) mwl m 500-1^0 



Tfeis wt#:k tss&s $u|?pon«si bv » NsitJ<aKa^ fimitatti* eFBesMi: F%skian SracrtdstB. Aw^sd %® Q, L r Wstoi«p> 

Tfej»asi 3iu1 0. $t^>jt^ k E&«\wel3 P&efe Mesaod^ Irsstihjsc, B^alo. NY Addr^s? cwres|x>a- 
to Xte Ol^ryi L. Wifaan, DepBurtiiJcat MCi BMag^ UNM Oarwccr OeBtsee* W Osisatoo tit? 

v ^Mr^^tfiVM ttj*^ iis thi$p&p&? MM, bo«t« mmw-dfrrivajl iKA-^phs^j CS;^4 P monocyte CSF; 
OM--C!SF T graB»I^t^^a«r^^ CSF; LOM, fitsi^candiribnjesi mc^im. 
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CFU/*»S in m$ esperii^n^s); mfambm&tit murine %WH~y {iS % W Wm% p™tem; us&d 
m m U/M; Gemmech, Emi fmmhm, CA% im^ifi Lee Ek^d^dair, Bar* 

Dk§o< OA), or (1,(^0 OAni; Ge.nxy.roe, Boston, MA). AJJ media mppkmmts mix- 
tamed <M ttg/mi o£ as de^mnneet by the ftm^bs am^el^c^e iysafts assay, 

h&imm &t$d Eykridisxtiim Ajts&yx.. IbtaJ sdlubr RNA wias isolated, electrophoreses, 
transferred t« aStre*edSuJc*ac» a^d hyferidixed as previously described- (17). DMA probes used 
hi ihk attjcl)' included In^ilaM ckln J J?4ti* Put. I ftagin*snt (B): f taAa*, Hmd 
IE fragattns. (9): and pBlll^ m. MHO cW I (H»2K*) prok«4 Hba Hkc I fragment 
(JO). ' 

Pkw isptwetri? Amfysk &f Gfat* // Antigm Expmskn. Viable EMM were cefitrifktged &nd 
r^spssatieci in PBS ^ppje&g&ted wish 0J% sodma* aside sad 0.5% BSA (|*AB) at a 
cmtmxtia of 2. HP ceBs/ml md kept on ice. M^tae tiKpesisioa of la was determined, 
u-smg a rat aatt-m<st)^e la. with *p<£i&<&y &r I# k (if>OSh v 11BJ20; American. 

Culture O^e&itaft, Rttckvslk, MD). B&c&ti&e of' this broad ^gdlkfcy, a hspMype rxm- 
xrot ws* not used m ihzm experiments, lb prevent nonspecific Be btading of the fat and-I&> 
BMM (an 30 pi) were tot prei^sihia^d with 3.0 fig (k 10 pi) of purified i&gu&e nam*} 
Ig (Sigma Cfce&fod C&, St, Lewis, MO) for 10 anb/We have prevt&nsly dcEmnaaerf that 
this preincubation faih&tfcsi the binding of diracdy Ikwre^ixiated arouse IgOSa my&tema 
pmwm to BMM (daiii ?w sb?>wnji. Without ^ashi^ I jag (m 10 jd> of the rat mxi'-U was 
added fcs the md the rails were iiicsibai©^ (or B nun.* After wauh.mf b 4 kj! PAB, the 
cdb were iacubat^d for IS mi« wiib i #g (i« K) ^1) «f 8n&rs55c«iaM«sd. gc^t asiti-rat. % (wkh 
rio cr ^sffiacri ivity f«v j.?M>n?^ Ig; Gakag< Sa.ii Ft&fscisc^ C A), Ail atitifc^dy t^-age.Rt^ used vv&re 
>W% IgpTQtzm, xAfter a foial wash, the a& w-re re^^pe^ded in 1 trI PAB coi3tnmirsg 2 j:ig 
ctfpmphMuw ititj&dii (tw e^dy.de dead ceils Irrsm ansiysis) and were ssnaifzed by fit>w eytois? - 
etry. A si.Rgile ar^o. iwr opemttag sot 48B used: in measure Imv aiiffe I%ht. s<s$£er 

ssid to esecsie S«Eore»c&lti and propsdiufsi bdida Emission of ftu&r&^dn ^s detected ^t S30 
* 15 ftM c while propyturtj iodide «mt^s>Ti: digged abc?vs 590 i?M, 

C?.^ C^?: ^>W?i!i : k ti3essur« ths fracd^n of prohfetadag BMM in S phase, 30 
bmmodm^yimdim (BrdU; SspisaObmiiM Cb,) was sidded to the .culSss re mediism 30 mhmies 
before cell h&rvesL Gelk were coHt?eii?d { cKiitrifu^^d, rc^itKpe^d^d m 0.5 ml sialic and feed 
msislof ethan.d in water for 24 h, fixed ceBs svwe cetiirsiuged and the pelkc wss 
re$«spe^ded in 5 sal: of 4 N HQS with 0,5% l^veets After vort-^ng, eels w»W5 incubat^i 
SO mm m 3/ :£i O; wa^4 mih 2.5 ml of f,l M smiisiso borate, S.S: and the pelki v^s 
resissp^Ts.ded m B0 ^1 FES wldi $3% Ivveen ?JL Cells ihm $mm& wstb fl\?or«sscci!iatedl 
a^d-BrdU (Bsc-tea DicM.3as&K it Oa.> Mtstint&ln Vie>v, OA) for 30 min at ro^?i\ ienipera.iy^, 
wrfted s ^nterstiiiited with 20 ^g/ini prapidmm xodxde cwitafjimg 50 ^g/i:ts3 RNase^, :and 

Results 

Supptmim ®f I& md .R Qm md Pmkm Expr&zim by €SF*1, Irs studtes desigiied 
CSF4 hKlucibie ge^es ds. roo^ocyttc celts., we nDtsd that BMM e^pre^sed 
vadabie bam! Jevds of 1^ mRNA, Adherent BMM f derived directly from day 6 imm 
mmnm ml$mt& mpphmmtmi mth. LCM (m% Ma^dsls and Me&od?)^ co^tabied 
€sse»tM]y u^detovtabk kvds &fl&A$ undlL^RNA (Fig. i as wd! as ^m*fetet- 
abk levels of la-Ac? mRNA {dai:a, aot shawa). Who? tts&ss day 6 adfc.erettt BMM 
vven^: walked and s^fed with fresh medium C0o.tasnmg sersim ojily, la artd It mRNA 
rmfim^s. remained .al essentially iiBdeteei^hb kvdis until alter 24 h. of cultw^ 
at which time thsre was s» mbmpt mcrmM m ih& i^sai k-vds of : bo& la 

arid li mRMA. (Bg< 1 4> la »«d U mRNA catild siM be detected at 4B k (Fig, 1 
J)„ BMM viability assessed hf dye: •e5edwsion: t was Ji3.aiiita.ined under these ex- 
p^r^tental coii ; ditk^.s : (data not shown). Is eontr^t t» la and. 1^ the cspr^dori of 
MHC class I inEMA (K-2K k ) « unaltered drarfrag tfak «^p<?.rimeiit (fig, ! A), 

To determine the efe^s of GSF-i os basal l^elg of la e>:pressbrs m BMM, i-eeorn- 
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Tmsm } . {4} "lo&si RNA ^ Mated M*m BMM tterirad: *iirecfiy Mvm &&f § m vkra culuuraas 
m$pki?$mte$ wish LCM pMM ( larcc /) or fraift <fay 6 BMM that v*fc$fce*J t trMd with 
medium Cvmtaimssg ssrnresi ^tiratv aiiiS thm tuSturoi for %-M h flmm 2-$). W p$ ®f xms& RNA 
fra$?i &as:h rjsrce pains rats hyfcd&kirfl b Ntmh^ni wfrh pAes Jl^ MHO i&SSS H la- 

A£* f 11 md MHO dass 1 H-SKK {$> Day i BMM wsre- cutest Ib serosa ito* for M h fc> 
ssMqw maxiFssal baaat ra^xsiGK «f Is 3&d : 11 {BMM + SfciftttK, laae .?> Tfessij tfdSa ware then 
walked, refsd with isrcdium i^taisktg OSM, swesd sdfc&rM for 2-£4 H {kn*S 3-3); 

i§ ^ taf toiad RN& Sroitt eadb tiiiw: pdta >w livhdtflspcsf i« Kti¥&&rn smjysis widi fir&bcs sk- 
scribed in {A), (€) lu&sl ULNA ii&oS&tcd tWm day 8 BMM ^Mels k$& cakurrai 

ley ^4 h :¥Kr«rn akxnc to ^kvw maximal b&&sf la mxpfesftkftt Titfc$s -eslk ware tiler* 

v*asheri arid ra\druLred if*sr $(i 2) m &4 h _£lsts*i *ft ffi&eU&gtt e&tt^nttig $F$*titfgi or sifcerrts- 
twety m i^daim c&n*a:kttTE!$; rc&jmb$»&i& CSM for j) or M h (tsae 5). JO aiffcufcaS 

RNA from tradi rap*dm*J3*»J VasMjk vm* m&lymd m N&rtl&m aft&jya^ vMt pmi^ dexzdhvti 



himmt 0SF4 was back to th« ceils that had been cultured m stsrtim alane 

for 24 ti ^x$d : that now Kxpressed iri;axima3. Ifcvdls of la and li mRMA^ la and. II tran^ 
script kvds wm ^mak^red. yil.til after 16 h of culture with CS.F4, at wM cl] time t\mm 
wm a 25% deo-esss: b mRMA sjxprc^mn (Fjg, i B). By 24 n of Mbm wkfa 
la fi tran^npts mre esseudally i^^e^afcte (Wig, t .0). EKpye^iom of H-2ff 
mRNA was essemMly ii.tiafetied, 

Sine?: die suppress™ of Im^h trf la by TOmMMi OSFI oo:urr«?l 
& 244t time cmi^e ^ $)* wwtedto tfetem&i&wi^tber tbla sypprcssEon might 
bes m^dta«:*5.d by tim mimrm® dfimU of IFN-a/^ or prostagJancHii (FGEs) in- 
dwM m tlm MUM fey OSF-1 lb lest dris possibility day 6 BMM were : i?$t 

c«tor«d fort* b. b, tab medfem cQntsiiiirig'sertim aloiBs to allow maximal expras- 
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%mn oihrnul Ismh. of la and li VmA medium obtaining mmm mud either rscosnr 
bbarat CSM ( IFN-^/g or PGSg was adde:d directly to £hs BMM. After 16 
(Fig, I £7, Imw 2) or 24 (Fig, J C t bra #) fe of culture witfe IFN^ft &o suppression 
of the basal temh of la. or II mBMA wm ras-ft. A similar result wm obtaix&d when 
cultures were aupfdmeitfed with .JPO-.Es (data not snown}> In mmm$i f basal levels 
of la and li mRKA wzm inhibited by CSF4, but not until alter 24 b of culture (F%, 
1 C, laoe as previously shown. (Fig, I Bj, The m^mmmz of la gad S gene ex- 
pression by GSF4 was not due to coMaminaftng end<ttrj&m (LPS) sines medium 
mid supplements contmji^d <0! &g/m$ endotoxin and ^imltiir e^pm^ments per&atncsd 
in LFS hypiar^poiish^ OSB/HeJ mfce produced identical msuim (data rat shown). 

Correlating with these champs in la and: li gene egqpresaio-ftj, very km levels of 
la. glycoproteins, could be detected on day 6 iMM that had; be-eta cultured in serum 
afo&e for ass. additional 24 h m th& absence of CSF-J (Fig, 2 wM!& no expression 
of fa could be dented tm the cell surface nf BMM derbd directly from the thy 
6 c^tures (data rat stows*} <sr on day 6 EMM wb.kh h.sd been cultured with mmm- 
binary CS$4 for a& additional 24 h (Fig. 2 

hdmtim vf h mdM Gme Expmmm by GM-CSE M tsmtrm m th& kMMtory effects 
of CSF*!* mmmHimm nmrum GM-CSF induced maxlswd. levels of Li-Aj3 and IS 
mEMA aim? 24 Js of culture (Fig, 3 ji, kite J%, alfherngb increased transcript levels 
could foe detected as early as 8 h. (data not dtaowa).. The kveis of la and li mRNA 
induced by GM-O&F p jtiB Ufail) were skdkr to the kvek induced witfe WN-y 
(20 U/ml) (Fig. 3 J, lane 4), No indnctbii of X& was: seen with dmm of GMC8F 
<IS0 U/e&I (clat:a not dbown) and no synergistic eflfect was noted with tkt? sirxiu^mx^ns 
add^ion. &f GM-Of and I.FK-y (data not shrnvs). In eoritra&t, had wo effect 
ojx aud li expression (data not sf^owsti), Ad^itbiial^ 110 signifiesLsit nux{«lat:io« 
of H-^K^ ibRNA expression was yioted (Fig, 3 A), 

F^raJidin^ tfee increases In 1st mRN.A, both. GM-CEF and s% nificatilly in- 

creased the e^presskn of la proteins o» tM BMM eeli surfkee {Ftg, 2* € and D]k 
Lsvek of lapse and f&otdii expjm^os Wi^'by OM-GSF aisd iFN-*y in Cbe BMM 
wer^ ^l0-^)"fold nigher tiian the rnaxmi?J hismi hsmte of ^pr^ssioii (Fig; 3 

Svppsmim effk* IFM-y vnd QM-€SFIndueiim ofk $SF-l. lb (kmmkis Knst&m- 
bmm& CSF4 eo«M oppress tibe induction of la by 0M«F m& WN*y f as it had 
suppf e^e<! the bs&al le^is ofla expr^xssion^ th.e&e fetors \vwe added slniisitaiieDiislv 
ta BMM, I>^y I) acIh«:r«Jit BMM were: washed and refed. with fresh medium eon- 
tammg eidi-er GM-OSF > the eornbinatioD of CSF-l 4 GM.-CSF t IFN**f f or the com- 
binatkm of CSF-t ^ IFN-7 , m.d mltmcd for 24 h. As bftfor^ both GM-CSF (Fig, 
3 Ifc ke« i) and IFN-7 (Fig, 3 lane J) induced Mgfe levels of la and II mEHA, 
However, when 0BF4 was alao pres^ntj, the 1st induetkiri was markedly suppre^-ed 
(Wlgr 3 B f Imm 2 and 4). In multiple ^:pt>dme:»ts^ CSF4 niarkcdly inhibited the 
ii>du<:tio:n of la by GM-OS.^ while tb e IFM^m^dkted mduetion of I a mRMAwas 
stippres$&d by 50^S0% an.d li niRNA JewLs were suppressed to a M5:niiewhat lesser 
degree (25-50%). GSM (1,00ft U/m't) was espaW* of supprmbg tit« indoc- 
tkm of la and li over a dose range of i0-ift0 XUml of IFN-7 not showrs). Lower 
doses of CSFi were not tested, 

TtM OSM-mt?diated supfpressbn of the WH-y m& QM€BF mdmskm of mENA 
was paraded by d«o^«d ^p^bn &(U %lym$mmmm*tk& BUM ceB mtitm& 
0®m$m «d with the itiduced kvefe of la detected on BMM treated with. 1FN alone 
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cambisms* dlFM^ * C$3£J a* £umhtot&$?j of GM-C&F + Tiie raJfc 

t&ea tKura$&&& stmseti with, ike &n»>-3& £cag&«t$fi ami by &r>w -Gytomctry iss gjtv 

xttihvd £b Mstmsife ami Method*, *Vh& shift in. tog iiuoresssTfrc dta«r to jp^cSc feuidtyig <jf aotHa. 
is di&l&fy'icd. &n thfc .hi&to|gffftm& :& filled hiatogxa&i relsi'SJVtt to the fc^fcg.royaid tsajtroi (ilHEtrES- 
oc;tt«« etf the BMM R&fci&d. with tbz iLu^ztxinslM sraxrad step antibody aJQa*) dbpkye-d a$ m 



(Fig, 2 €% la teveb to BMM metered sumdt&t^TOsjy with <md CSF4 were 

reduced! by more than 50% (Fig. 2 ..fi). Simibu% I& v^ms&xm m BMM ttmitd 
with lim comhmMhm. of CSM + GM-CSF « dm mpptt^mtd (Fig, 2 $% when 
mm$&mi with la levels bduced by GM*CSF (Wig. -I D), 

Th d^tetmm*? if mpprsmxm m rn^cthm of £yU?frfasmfc steady~$tfe levels qf la 
sad II mRNA by CSF-I, GM-CSF, md IFN-y mre due to the pr^&e&on of new 
tyajam'ip^ in «h« «JM?j ®r due to pmtti^^riptioti^l r^edimism^ in. vitro au- 
dmr lmtisc.ripl.iotm!. assap were performed. In tm^McMc £&pviimm% m sigmlkam 
dite^c^ w&re nctied in sMhvtA of tm^riptioi^ ctfI&A$ tf*i*«» day 6 BMM were 
wasted and recukwefd for 24 h m fresh medium c^taitibig semm alatie, CSF-i + 
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BMM &at had bees* washed 
sad refed with m®3mm con- 
tsmmg mihs? szmm aions (te 

i\tm mth v^riafcfe was hybrid- 

pmh<^ for la, li, ami 
0) JO j*g of m& UNA m>s i.^- 
laseri <i&? $ BMM e Aiasii 
for s^eiktaaS :h fo QM- 

mi<(hm i%ou-<:Mi< ■+ om- 

i {Ism 2), W&-y (toe % «sr 
IFi*H * QSPi 0 and 

with ihv profess 4b* 



or GM*CSF (data not shown). In res$e&&e to the. BMM displayed only a 

M, 7 -fold in£tfgas& i» the tewei of transcription of class. Itt-Aj9 after 24 h of culture, 
(data not shown), similar to rc&sni -report? (H>- No sigmBe&nt ektsges m &e level 
la tna^riptksffi were observed when BMM were cukured wfrfo these hmm for shorter 
taroe periods of 30 mb and I h (data not sbovm), 

RgM&mMp ®f ikz Suppmnm mi Indt&Uw qf fa & iife Pmiifor&im Status ®f BMM. 
Previous studies by Calami et si (15) suggested that the induction of maro^hage 
pgdti&fttKHi fey LOM led to a cell cjdb- dependent inhibitUm &f la ^ptt^mm. To 
determine tf there wss & rdMSM^foip between the prdifcrative status of the BMM 
m& la expos^dont we detcriHmed the S pbase fraction of BMM M eac& time pd*tt 
m wMd* la ««:pregsis>B had been aaaem*! Day 6 adfacr^nt BMM, dmvmd Smell? 
imm mkmw mj>^kmmt^d with. LGM> had 32% of m S pJ3a.se axid ted no 
evidesi^e of la g«mc or protdn t^pressioB (Figs. 1 A and 2 yi) , Similarly;, BMM ewl- 
a^-ed for m addttbriitj 24 h with recorobisjarit 0SF4 had 29% of c-A is S pfeasG 
^.<J ^s^^tiaily undetectable la expression (Figs. 1, B C\ 2 d% 

In mntmzt-, dwf 6 BMM cultured for an additxoBai 24 k m serum aioue b the 
«b$e»c« of CSf-lj or day 6 BMM cuhured fer 24 h with GM-CSF or IFH-7 dorse 
were wot b cdl cyck (with <2%, <lft, a»d <4% of celb in S ph^ s 
artti, dje oOTp^ohfer^tipg EMM derived from ^acb of these condition oeprm^d 
both, la II mR.HA (Fig. 3) m& proteins (Fig, 2). Culture, of tfae BMM for 24 h 
with GSF S ^ IFH-7 or CSF4 4 OM-GSF mamraiiied die proliferative state erf 
the imcroph&ggg (with S0% 22% of the edfo m S pha&e, :res|>ee£ively), Tbe&e 
totididoBS. were ssfioc&tad ^vith &ttppressioo of the IFN-7 mid GM-0Bf-m^4mmd 
huhmimi of la es^r^ioii (Figs> 2 S £ t\ 3 B). Thus, in every c^e M wfelch 
CSF4 m® prmmt and f^iferato was Induced, la expr^sion madcedly mliibked. 

liimummi 

In our stitds.es, herMtofpoieti€ GSF >vt?re sh*wia. to modulate t^c levels of la a£.pres« 
siosj in BMM. We deteFidined thstt BMM have: low hasa! kwis of la and H geiie 
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and protein e&pressioa.. While IL-S had r*o effect* bokh GM>C$F and IFM-y i& ri 
crf«ti the ha&ii! levels oHa egression IChSO^fhkt la contrast, recombinant QSF4 
8** pprt^Bed both the basal levels «sf la expression and inhibited the iadttction la by 
GM-GSF md IFN-y, Our preliminary stmfifcs irjvest%atfog the molecdtar roecha- 
nkms that regulate la gene e^pm^iioo in BMM suggested shat both tr^scriptioxtal 
and post£ramm ; ptfensd mechanisms may he operative^ Only a J -t. Mold increase 
in tmascri-pfeion offa-Aj^ was noted in response to st a nm% in which steady- 

state level* of Ift-AjS** ffiRSA transcripts in &e cytoplasm increased >2$~30-fohi 
Whether these changes in the ieveS of transcription can acsouftf solely for the large 
mcrease in cytopiasmk mRM\ (without bvoKing addkksaal posttim^ripdomii mech- 
axri&ns) remains to be deteniii&ed* 

The dd®f in the mediated suppression of basal levels of la suggested an 

indirect mechanism. We deterrnbxed that suppression was n-ot dye to the autocrine 
production of either IFN-a/j8' or PGE?. Although lFNkar/£ vms previously shown 
w inbibit the IFN-y-roediated induction of la {13% no previous data has been reported 
on the effects of IFN*gs/$ on haaal levels of la in niacrophages. Ik apeeroerAt with 
our experiments* recent studies have also reported that has no effect ox* the 
basal levels of la expression in macrophages (6). though PGJ& may inhibit the 
mdu-ciioti of la by fFN-7 (J2), Our work has determined that the inhibition of la 
expression by CSF-3 is correlated with the induction of eeMar proHferatiatt, ex- 
tending the earlier work of Galainai et al (15), To insure thai th* adherent BMM 
were g&H in cell eyde on day burial bone marrow cultures were plated at exfrcraefy 
tow densities; when plated at high initial densities, day § BMM may be ecm&ueni 
md quiescent, due to contraption of ail of the CSF4 in the culture medium (7). 
Whsss day 8- BMM derived from the few deadry guitures are rendered, quiescent 
by removal ofLCM and are *hext stimulated to proliferate by the readditbo of recom- 
binant the cells enter 1 the S phase of the cell cyds by 20-24 h (7), This time 
frame of S phase entry correlate precisely with the dote of iwbibj.tio.t3 of la expres- 
sion by CSF1 (Fig. I fi) T Whether the suppression of 1st b due riirec&y or indirectly 
to CSF4 or is & consequent of the mduaioo of ceMular proEftratitm remains to 
be determined. 

Eveo though CSF-I may inhibit la gxpresskm through ceil tyt;Je-depetiderst; rnech- 
snisms, fa e&prsssbn can certainly be adhibited, in macrophages by other cell cyck^b* 
dependent mechanisms, suck m those initiated by LPS (IB) and TNF-a" (Adams, 
D, s personal eommunk&lkm). may also he iisdueed in BMM by CSF-S 

(WLOiasn, CL, unpublished data). These data, thus suggest that the combinatorial 
effects of the differed stinintaory (IFN*7 t GM-CSS, IL4) snd iahibkor^ (CSF4 S 
TNF-a) factors produced by resident and bfiJtratmg eels m specific tissue micros 
varonmmts rn^sy tsltimateiy determine th« fevel of expi^skm arrddmi macro- 
phages, thereby regqJating the ability of the maerop{iag<? m tkm tismv m prmmX 
antigen and initiafee the irnmnne response. 

Summary 

GSF-i aijd granulocytf/moaiocyte CSF (GM-GSF) were shown to modulate the 
levels of la ; pn© arid protein estpreasioti iti bon-e mamjw-deri^d m^tropihages (BMM.), 
R-eeombinmt GM-CSF i&duccd high fe'rfs of 1st expressions similar to ihv leveis 
induced by INF-y, svhite had jkj effect. In easitr^t, rea>mbtoaot GBW4 not 
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aaly m$F&&&d the basal fevels of la gone a«d pratem ^Kpressta b BMM S but 
ajso jnMbitod the induction of la by WH~y and GM-CSE B&sai tevdte of la we^e 
not idbibitod by raconibteajit CSF-J mitil aftsr 16-24 fa of cufcwe, twgge&tbxg an 
indirect m^cbanfem of suppresrion- lWM~m f 0 and POEs w^jne stowi ixot to be la- 
volvsd m ike CSF-I foddbitiora of basal levels of la expresaipfi. Hwv^r t the CSFd- 
mediated supprt^idK of hatk the ba&al levels of la expiressiyja aod the Induction of 
ia m BMM by IFM-y and OM-CSF did correlate wiik the mdmikm ofedkkr puffer- 
atkm. llstise data imply that In additkm to repdatkig h^ftiopok&b, CSI% may 
^eptjate the fcteia&on of the r^pow. tbrotigb their dfats mi la eKprassbri: 

We thank Dr. David 13 xdariif oFIsmmmefc for reee*mtebani GM-Q^F,, Dn Pteier Ralph ctfQe&& 
fbr r^oMibiynit imd fMi^an Lm lor patified j&nrattx^&aot €%W4 xmd 

m our initial studies, 
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Piff#mrstla! Production of IFN-o/p by CSP*1* and 
GH-CSF«D@ri¥©d MaoropKiages 

Lydla A. Fa Ik and Stetofe N* Voget 

fegstyro m$&rap&$9?$, c^rived in vHane torn tow mar^sr urmr th* ta$**8m$ 

<€8*M2SF S fc*ve fc«s*f j^kmws $«fer SF^phe^feaiy teftet^Ky* 1*ws ***** prs* 
mmti in mm import itemoft&trate ®m ttmmfawm torn b&m mmm pRm&* 
Item msfar -»Rtt IrirStofic* CBM are ftSfftly i^i^rrt t© tatarim wVft v»f teulir «fepm»- 
MtJft vfFfcMi f^SV)g ftfttf this isln&^ojfFHiss csr fcw ff?tf$f$G$ fey lrwtH*e?rt t$ $B$fcn 

uwtm ma mmm& m ®miW im ft^ly wmmpm* is m zm&m* mms & vsv, 
&ui earn* tea fmttaefcw* b$ ->mf km i^smfa&km* «rf ®g®§w3*ra tFfNtfJk l«w flfttftoss 

m&&t tiE^ESltaK oi SP?*Wp fist* <^^W*^*s£ macrophages, whteh may scct^m Jto* 
mny of i^r»r^r!Uv9 diff&rwee* repented prart&t$^ 



mmmmimn 

MappcvpNg^s are a -oinquitaysly- distiibiJted* be&rogg- 
neatts pojyykilott of feted md circulating mommzkm 
phagocytes. MoFphofegiC&h fbttctto^, md mmboSk 
dilfefier&ees teftect tti&tttig&ag$$ at diffemtt firsts within 

to cell-derived md mvlmtmimtd signals Or^ such 
group of celMmved soluble factors (or eysokin&si) &r$ 
iht <okffity -stis»uteting: factors (CSF). Bosh fibroblast- 

ai?d TnceiJ-eterivedt gr^iu}ocy^-maerQf^ag& colony 
stim«isling f^tor (GM-GSF) tos b^en show» to $m 
tim m m&wt ms^pfeages in mtm fmm bom marmw 
pmg«fii^rs [15}, Studies torn oiifs ami other bteraio- 
ties liavs de^oostrntedi Ih&t mmm mmmk^m derived 
to vitro fmna bon?? inarrow progejiltore a&der the mflu- 
e«ce of elte CSF-I <sr GM-CSF <Mf&r i^pWogteaily 
md tvmtmmlly, SpcifWiy, C^P-l^erived m» 
phages sre ^mons differ^stlat^J'' with respect to §;ixe 
ajid phagocytic capacity (both latex togusto md F<: 
^ptoT-medk^ed ^hagoeytob) [3] s wte^as -QM~CSF» 
<k^ved m^wpltiap$ &M\M bi^t bassl levels of la aji- 
espre^bn ^d as* migmen^d C^piiCiiy to $timulat^ 
a«£igen-s|5©ci& T celt prolifcr^ljon [4^5]^ as well a 
grcalcr pofcerefM for twmoricidaJ activity [2], ThttS, hel- 

lit] may refk&t the effets diffe^jt mkmy stimuM" 
ifig facte on bone mmtm ptogenitor^ a^fc th^ mm- 



Previous studies have todfca&d tbat bterfercms 
also rep^sem impojta^txl^ of sytoktoeis with pote«t 
tnswvopbage diff«r«mia^ng cfffecte. Studies by Moore et 
ai, { I6| «uppoit tbe hypotek that bo«« ifiaiww progsfj- 
Itors stimulated by CSF-i piodiice B^a/jS duriilg ite 
eotirse of iheir expansion, a«d to tMs eRdogeTOiis prix}- 
ttct csk be used as an autocrine difeeistiaibn signd 
[17,233- IFN-a/^ has also besis showfi to iiK^as^ mac- 
rnpbage size and jading |18], as well as t$ augment 
md?Q? snsttin nxnerapbage Fc raptor «X{m$$ion (201, 



Repriifl StefaKte K Vtip!l P ttepL M^cFn^iobgy, Uctj* 

Road*. B^te^a, MD M!4, 

Ly^ A, is fww st ^fCRF, P.O. B> Byg;. 567 

Usas wewk supported by N^k^ai Ifsstotes of Begldi gtssm No, 
AS4S75??.-, The £3p«i?ons ^ itsseftsoiss *fMiaiiftsd in&mte are pri- 
vate vwws af ihie a^st^ atnd tfomid ml h& c&si&msd as official or 
aeces&Mily s«f1^tl»$ the tftsws ef ^ Uttfcfteuftd Slices tb^versliy 
afihs Itekh Se^^s «r Dspa*tFrscss «f Defease, The espemRem 
FspaTted fesrcm were c^wc^ai ac^os^kif to ibe pdweiples s»1 telt m 
tits "fMste. fm ihs €wv snsS Use ®f Lateasofy AinnHE^^ 4 tesitusc af 
Laijorafety Aftii«aJ ResKmxs, ^alia^al ffcescgrctt CowisciS DMEW 

This :paper r^fc^Rts wod; <toe m pmtsb falMiment of fh« najujrs- 
fmm tor th^ f%.P.. 
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Given our earlier observation that CSlMKferh^ 
macr^h^s larger m& xmm phagocyte than GM- 
CSMerived macrophages, we sought to compare pro- 
dostt©n of iFM--cs/f5 by these two populations The data 
presented herein support the hypothesis that F&irctioaaS 
difftsmnces fcetw^ea md GM-CBF-dm v$d mm- 

raphages can be related, in part, Is differentia pratus- 
tiw of IFN*<s/p, 



BS/WIftlALS AN© SSETH08S 

€3H/£fcI mice were puidteed from ihe tekson Lab- 
oratories £Bar Harbor, ME) attd were bm$$& m de- 
scribed previously 

Murine CSF-t was puriiled exactly described pre- 
viously [3|„ Briefly, se^um-fee swpe.nmtanfe froo* L929 
Rhrohtets were tearveslesi, concentrated 5 md subjected 

$ series of chromatographic purificatioii steps which 
included hydros yiaptite* DBAE &phac$S> Affi-gel 203, 
and CM 8 twerse-phase eferomMograpihy, Reeonibifiarat 
tomarc (fCSF«t> was psi&roysly pmvid^d by 
ftis Corp. (EmeryviSie, CA; spedik activity > 5 x IG 7 
U/teg), feeOT*maiit GM-CSF (fGM*CSF> wrs gener- 
ottsiy pravkfed hy Immunex Corp, (Seattle WA; sp- 
ciikactbsfy -4% lO 7 Uim0wABi^^SAlQm^ 
Swit^riand; specific rf^ty 35 12 x 1$ U/mg>, IFN* 
a/p (specific activity > 3 X 10 s U/rag) was generously 
provided by Dr. M< Packer {M$&kd College of ¥®fm* 
sylv&ftfe, BMsMphfo, PA), The NIH Murine feeder™ 
Standard (Rsfereraoe Reagent No> G-O02-904-5li) t 
auti-Etmtifte JFNk*/$ aatitKKly <MH Reslmaice Re$$erat 
No. and the con&o! afttibody {NIB 

Reference Reagent Mo, &023-.S0t-568) wet$ obtained 
torn llse AfiiivM Research Branch {NIAID, Eetfossda, 
MP), 

Bom ftomw Culturtag Twhnjq 

Borce narrow progeaters were eutared in liquid cat 
t«r<? the pres&rce of tGM*CSF or CSF-1 {ftsttersl or 
recombinant) pedsdy &s described p^vsoesly P|> 
Briefly * bone nsarmw oelk were cenirifiiged on Lym- 
phocyte Sep&raikwi Msdterrt (LSM; Uum Bknietics, 
Gharissfm, SO* Cdls ham»d from *he interface were 
caSt^d M 1 x iQ* ceBstftak (forCSF-1) or 3 x I0 7 
celis/fl^i&k (for rOM-CSF} in 1.0 ml &fmpphsmmUsd Ba- 
gk's minimal essential medium (EMEM; M,A, Bioprod- 
«cts) wSffii 10% toat calf searajft {Hycio^e e Logau, UT) 
whfeb a»nlaif?^d 250 Wm\ «f lite rOM-CSF or 
(day 0). After 24 hr (day f )> nonadherent cells fnjrR eaeb 
flsfesk tims&TOd to a secrad flask a«d on D^p I 



aud 4 were supplemented with m addtlton^l 10 ml of 
medium wMcfe contaified 250 Wml of either rOM-CSF 
or CSIM . Ate 7 days in eaters, tht macro|^a|es mre 
removed e^yrnat^ajly and r^sw&pended is RFMI 1 640 
(M.A. Bicfpixiducfe) s^ppkJTOnted wlch 2% PCS and 
other additives as ctesctibed d^wh^te |3] T Macrophages 
were re-plated i.nt© f6-well plates (Fsicon Plastics, Ox- 
aard, CA) m 2 K in fh& akwm:$ of B?c«>pnt>n$ 

colony stiir^lating factors. 

re^yfered on dsy 7 in pMm M 2 x 10 s mac^ 

rophages psr welL The cells wete allowed to adhere for 
6 hr. At dib tiitie, siipernat^ were aspirated atid 
0, 1 mi of a ve&kwlar s*omatilJ& vims (VSV) suspfcttston 
[ladtarta slndn; miillipJiciiy of infeedoii C M01) af 0, 1 <3>r 
L0], diluted in m«dkim, was added to each weiL Mac- * 
ropS$3p cycles were infec^d, te 14 hr t it which tlm^ 
the supeniata^ts wen? removed and froz« at ~ 70*C for 
subsequent analysis of vims yield, Thv adber^rrt ^11$ 
w^h^d to remo^ celUiiar debris and theft fi&ed 
for 10 mm whh 5% formaldehyde md stained for 10 
mm with §M% cry^M viotet to demoin^ie cyldp aifeic 
effect (CPE), For certain experiments* cultures wei^ 
mmd with eite serial twotold tiilu tos of IFN^x.^ or 
^tlfeody for M lar prior to infection mtb VSV at m MOI 
^ -0, 1 Fifty percTOt CPE was detenmked ^pedropho- 
tertetrleaiiy m describe sljsewhere P9j> 

OtisntiMlotfi a! Vtos Pmluclkir? In rS^CSF- 

Culture swpen^amts (mm vlm^mhmi mmmpim^ 
w«re exaoitjjjed fa" vtot rspSi-ealiott m described by Vo- 
gel md Feilseh |21). Brief iy, L929 fjfe*lasts were 
grown to confluestey b sk-well tissue eulttiie pto&s 
(Fajcori), Celfe infected fat 1 to at rtx^m teipera* 
aire with 1,0 ml of vims sample diluted in 
PCS, After the 1-br ft&Qffftticm period, the contents of 
eaeh wdl wsw mmovt4 and the moaokyer overlaid wtlb 
J ,0 fttt of phenyl ti&d-free EMSM which was sypfjfe- 
melted wilh ^odiwm bteafboOTie^ glntairiijie, penleilim 
arstJ ^ptt*mycifj, S% FCS + artd \% Noble .agar (.Difoo 
Laboratariest Detroit, Ml)* Once soMJM* the? stores 
were tobated m 32T for 2 days Is 5% CX3 2 ^ PN^ S 
were developed by overlaying each culture with I mi 
phem>I md-lTee BMEM $ttf^^etttefii tfesedbed 
above, hm with the addition of R&u&fti re^ dye (G1BCO 
LMK>tatories, Gmd h\md> N¥; 1:150 dtfetion), Qil> 
tares ittcmhated ai: 3?^ fear 4-6 hr and then MOi$d 
visually for viral plaque fenn«ik>n, Bmh mxmmiml was 
assayed a^t multiple dilutions in duplicate 



UNINFECTED WIFECTS& 





rOKt-CSF pLOA*!* 



fmkm *m mtajlir stomas vim* nmvj. mwft&S boras 
tmmm ptv^wmtm soured for 7 toys to SqiiM -euMtm to 
tha ptimc$ of CSM or i®ftS-CS£ ** timttito*& in ttas Mfttedste 
ami l$e&tiKts, FW^wlnS tft& 7 day ©y tor® i&srkai, metare fnac- 
ropta&§e« ware &sr*a***d ^ififte^ (In tfce s&ssris® #f 0®F) 

pl$t&n> Tfcs ftt&£?opft&&3$ were aJtewd to fciifi&rft for >WS tar* 



tfiift adherence st©p h aup«mjstsrt£s w*f© :P©fl>ow$<i 

ai of vsv s*i6p^<m sxm* & m »oi of &i w m 

visually mi zp&em&hMgm&ttimty for itfmMrK*TO*ri CPE, 
Ttmto mum wm d&rtv&fii fo$**t & stfnato s^$tn^ repfssea*- 



mm~o®rm$ Mraaptaga* flowing 

VSV tatecttorc 

To deled ta»cd1aiar VSV in infected eels, rGM- 
CSF- or CSF-i -derived msoophaps were re-pkled at 
2 x 10 s per well to S-wB Lat^Tek tissue eutors cham- 
bers JMtes Laix^toties, I&c,, Napemltet IL) and were 
flowed to adtoe for 4-6 hr , FoUowmg this adherens 
stage* starts ^upe^ataifits west remavetJ arkJ 0- I ml of 
VSV suspension, diluted in medte (MO! of 0,1), was 
added to each wdl Outotss were infected for 6 hr, 
acetORMi^4 for JO mi«, m<& slides frozen al 
Prior to fiisoresceftt sMrKSitg, <nuto^ sSW^ were 
m-hydrated with OJ ml of a $t>Sutk)R which Dcnstaij^d 
ptospbatsi feafte^ saike (PBS)* i% toine $er«m 
buraik <BSA; Sigrrta Chemical Co., St Lmiis, MO), arid 
5% goat $m COS; QIECO Labot^tories) for IS mta at 
ttfom testiffciratU'fe* C«llums wre washed with PSS/ 
BSA/OS ^ iacubated with rafcfelt anli-VSV aiilibody 
(L^e Biomotecwto Ressaraii Inc, San Oteft> f CA) * 
iuted 1:50 in MiS/BSA/OS tor SO ai& at room toper- 
atur^:. At a filial ^cmceutmtloiR of 1:1^000 ift ft lot^t 
volo*Ta^ of 0 I nil, ttik prepamto of mti-VSV antibody 
was fmM 10 uMbfo CVB m L929 flbmb^ts infected 
mm VSV (MOI ^ Prior so addition, of » (tamfr* 
cent secon^kry antibody, cuto^s were objected m thm> 



IB tmn wmhm with FBSSBSA/GS* Cultures were thett 
i^^bated wiii 0.05 frt! of rhodamiM-HConjugftiedl, $mt 
mihrahbk IgO antibody (Cooper Biomedical !«c, , 
vers, PA) dikted hSQ b PBS/BSA/GS for 30 mte at 
3?"C m ttm dark. Qiltutes wre washed fc«r two 15 f^in 
pm-iwk md m% 30 mita period ming FSS/&SA/OS lift 
the daffcK Ciilt^res w^r^ ^amisisd for specific Owor«^* 
mm& mm$ m Olympus BH-2 epi-Ouopescent rmcfo- 
scope (40 K mgnifeaferj), Co«tml cui tiros eoaslsi&d 
of i) «ni«feet«Hi msc^)phage £t*ittK@$ wiii Hie 

^ti^VSV arttiWy afid rl.oda^tee^Rj;tigatedi secondary 
antibody m& ii) VSV-fefeeted c^ltu^s treated with 
^CKbm^e-a^j^t?ed sec«mc&tty antibody only, 



RESULTS 

Mterfer^ prok^y be^ if^opi^d fcr fcir ca- 
psdty to mediate an an$Svirai state ifi intetfero«-s^$J^lve 
cdi tyjpsEs [reviewed ia 7}, thasefoipe* we compass C3F- 
! ^rtd OM-CSFntf^riwI macn^tii^gs for fee ability to 
resist vinss irtfectioR as Indirect $iiea^re of e«doge- 
mm UttMwxm production Figmv ! stews that C3HC 
HeJ maerophsges delved from BMP ufider the iiifltafefsc^ 
of highly purtfed CSF-1 were resistant to th« oytopilihic 



effects (CPE) of VSV wto tefecied st an MOI of 0,1 , 
When ibe MOI was increased tenfold, €SF- Interim! 
macrophages exhibited only miniiimi sensitivity, as evi* 
delicti by slightly hn uptake of ctymt violet by the 
monolayers* By comparison, rOM-CSF-denv^ macro- 
phages ww Bttich more sensitive to VSV4tKhiced CFE 
at both m MOI of 0,1 and 1 ,0, The difference in crystal 
vfefet intensity observed to tinMecigd rOM-CS^- vonm 
uninfected CSF-l-derived iM&rophag£$ is dtae to an in- 
h$¥$nt inabiMiy of tOMCSFntetved edte to incor|Ksr&te 
the orjre&l violet and wt due to dif&m>ee$ m cell den- 
sities. For exaiwpfe, is a single nspivseftiatiYe experi* 
mem, the OD 5 ^ mftodotect with imiofeefced CSF-lnte- 
rived macrophages was 0,3 12 whereas, the OD$ m for 
uninfeeted GM-OF«dmved raa£ztq&$g$e$ was lis 
contrast, the ceil densities, of GM-CSF* and CSF4 -de- 
rived inom>foy$rs were verified repeatedly by qtismilta- 
tion of total cell protein by the homy method ami found 
to be identical f I3j, Sp^citeUy, ir* te#e separate 
perineals* tiie pmteiti co&ceftfcaiiari of c&H& dsnved in 
ifee p^ence of CSF-l versus GM-CSF were 26,0 ± 1 ,0 
a*Ki 27,6 ± I A pr 2 x Itf* macrophage, respec- 
tively* To quantify fee CPE otesrved in horn mantfw* 
derived macrophage cidtags, uEsinfedsd md&d&y&s 
were cofnpa&d to htfeeted rofeures and the immni CPE 
de^TOtoed by the amount of crystal violet state taken up 
by the remaining intact cells 119,221, A c™pri$on of 
bffected to imkfected smflol&s^rs for each m§£r^hag$ 
fK^ulaitan showed thai while €SF- 1 -derived macro- 
ph&gra exhibited I ± 1% CFE, :fGM-CSF4^ed » 
tophages exhibited 71 ± 1% CPE for 8 separate exper- 
iments cultum uxf&c&d with m MOI of 0, 1 , 

Alttogh ail! of our studies thus far utilized the eskto- 
toxto hypc^sfwmiw €3H/MeJ mouse swim, dif- 
ferences in VSV sensitively were afeo otftsrved if Urn 
$&ffiffipfo&§&§ were <$erived fmm the syRgmetc* tat 
dtit05tii>respcffl$ive (L^) ? OK/OuJ strain, Howewr* 
the CFE induced in C3BrtM macrophages derived un- 
der the influence of rOM-CSF was somswh&t le&& link- 
ing. (34 ± 11% for n -™ 5 ssgwrate experimeiais). As was 
oiH&rrai with CSF-l-derived, OlS/fteJ m&erophages* 
C3ffiOyJ R^en^h^gt^ derived under the. influence of 
CSF-1 eompktdy TOfeetofy m VSV-btesd CFE 

nuorftMmt AraMplis VSV Irsf^ctlvltsr \n Bum 

To ensure that both mil types e*pa% e^bk of 
beiiig tofe?rt with VSV, the macrophages w eorn- 
paml 6 hr posiinfeeto for the presence of intracdiute 
VSV as detected by fi«oreseeni antibody staining , Table 
I shows that there m& m sigwfismt difference m the 
ability of iQM-CSFHlerh^d ^acroph^g^ vmm CSF- 
lnterivedi rmeraph^s to be infected with VSV*; Le,« 
11,3%: of |n;Jec?ed rCBi-CSF-derived mscrophaps m4 



TABLE 1» Ruom^nt AnarysJs VSV Inactivity In Sesa 


Mastqpfe»gs type 













ware; caltesd ss rfcscrtbssd i« ^tefiafe aM M&ttais ais^ aSlawe-d to 

vwsrs mm^ed ei5«8 rep mssStoi sfojss or I ml of 
VSV ft-n &IOI w Or t , Cds«re ^pfsmatari^ were ne^ovfi^ 6 hr k^?.,. 

seated m tie ^istedais m& MeteSs, 

msjscJ fe^d; <m the: No, tff ■nvetessfit Cpo^Ufy^ ^lls ^ a JMpI (ap 
p^tately M mssTophsg^Esid), He K«. of oeJis. per fi.«M Weic 

w$y. Th§ M& tspmm $m mm & sim&xd mm of Uk* asftsfl: far 



16,5% of the CSF-l*dmmJ ^^croplsage^ sMned posl- j 
lively for VSV p*otei:n$ 6 hr po^tinfeetio«, figum \ 
afe coBsistest- with an estimated MOI ~ 0,L Thefefee P i 
the failure of VSV-infected CSF- 1 -derived Mcropb&ges 
no exhibit CPE jsot ^ted t® m imMMy of thes«f | 
cells to he infected. 

Oo^^rlsofi of Viral ItepHcalJors to r<S»CSF- aitd 

To address the meehankm by which VSV indited 
CFE in fOM'CSF-deris r «sd macmphag^, we compared 
VSV ^epiieaiioR v^iihin Ssese two nmemph^|e pop^k- 
&®m< Culture sup&tftt&nfs were eoilected 24 bmr post* \ 

sayed for virus yield. Ilahte 2 thorn ihm m siguifleant j 
diflfertmee was ofcwed m the vim yields between | 
fOM-CSF- am! CSF-l-Siafeeted mserDphag«$, Smm the ^ 
mmtopimg^. t#\tmt& wete infected M an MOI 523 0*1 li 
(l^ with 2 X 10 4 VSV pkque fomiijjg units (FPU)/ ! 
welt or 2 x 10 s FFU/nd), fee ;re$titei pte%m d« As* i 
lived fmm the super^atants of infected cells indicate that 
no sigaiftat vimf i«piicatioo o^imi. Th«lbie v In* 
er^^J viral replieatic^ tn fOM^CSFnterived tmetxh 
ph&g?& emmi mm&t for the dlftersnsSai CPB ob$emd 
between the two e^ll typ^s , 

In<fe^f?oys Imler^m Prmtycticifi Irs rSJa^GSF* 
and CSF-1- B®t Jved l^roph^KS 

The role of imerfccm In SJiilvW potectiafi has been ; 
firmly established [reviewed in 6 md 7] , In addifen, toe f 
^hi% of m^f5>phtge^ fftoAm iFN-ia/p ha« also feeais | 
welWociirne^ted [8J6 T 20 7 23}. Therefore^ pot«Sa! \ 
role of sndbgmous IFN-a/p prodiicibn n$ a possible 
mediator of the re^iMance to VSV-indu^d CPE in 





Vires £f$tta$ft* 




4,2 x t#|U x iOM ,5 * tB 6 ] 







Sural k tSssae satae pftttes as d^Hfrsd lit Bpnft I, Mae* 

nmm mm ttplmtd wli 0, 1 rati of VSV s^f^nskm £M®I ** Odi, 
MftCf^lie)^ wst£ MectHl for 24 hr miH fc vims sftpgfttttttRK re- 
moved twtf quantifta! to She No, of io&ciioHS pajtkks. la a 
fomwag 

: ^The <ta* repeal ffce p<s$aeir?e jrse&fts &ttv$rf horn seveaa sepsote 
*$perinwtigs for CSF^rivetf in&CT0$h£$e$ and ft**' separate ea« 

its for ifce treatfB>e8* grasps arc B*$e*te# to bracket*. 



€SF-!>derived macrophages wm Mat ea^irted... Ini- 
ti&fly t we nought to measure IFN activity dtecUy m th§ 
mpttnmm of GM*€$F m& CBF4-4mw& macro- 
phage cw!ft#es> $fc&w§¥&r* the levels of antiviral activity 
which were det^tabte m the OM-CSP-derived stijp&ma- 
mm were always below the lower Stall of the siaad&rd 
antiviral assay [-3 U/m(; 19*22J* and th$ levels *n CSF* 
l-derived mae^fihags superasisnte were at She fewer 
limits of detection within tlae assay (data am shown), 
Therefore, we sought a more sensitive method for dem- 
onstrating differences m interferon pmd^sMm by iGM- 
CSF* m& CSF-t^ri^ CMtffcJ i^c^fcagss. VSV- 
^i^ltlv^y GM-CSF-d«rtved macrophages were eufered 
as described .in Table 2, and treated for 24 hr wish serial 
two-foB ditotiafts oi^m Nffi Eeferej^oe fesge^t, murine 
IFNh^P to tteteminff the mmirnd amoMni of IFH-^p 
required to pmtm th«r^<? maoiPfhages from VSV- 
irrfm^ CPB, KlM-CSF-dem'ed m^er^aps were 
half^maximaily pr^cied fitom 'VSV-tRstocod CFE by 
pj^tm^m of cultures wiih ± 0.2 Wm\ of exoge- 
«0i^s IFM-is.^ (h » 6 siepai^ experiments). i& corttmst, 
the VSV-rewteif t CSF-!^rive4 macfophapts were 
treated with senai twofold dilutiorts of NIH Refer- 
Re^geRt, anU-myrifte IFN-lx/^ antibody , m an st- 
tcm^ to demOTStote to the pro^Jvs feaor ta CSF- 
!«dmved sn^reipfeages was endog^^^^^ptoclMiCed 
IFN-ct/p, Inelasiaft. ^ -ftiili-IFN-^K/pli -sMitiodty, b«i(not.ih& 
control antibody, 24 prior to VSV iafeetim t>f CSF- 
t-»dmyed macfophage^ feftit^d Its reve^J of te re&ac- 
tonnes of uteres io 'VSV infedioft. feverssl of 
rssli&mss m 50% CFE was observed in these c«lt«r^ 
following treatfiaejit with a 1:182- <JUutk«i of the NIH 

mith 95% confidssttce limits of 93, S — 355; n ~ 9 wpwm 
zspvtimmm* However, the control antibody (MH 8^ 
ermce Reagent No. MM ® m<em th& 



tested 0*20), Therefore, ihe differef3^e ob^erv^J be* 
iwesji CSF-i - aiid fOM-CSF^terivsd fiiacrophage^ wife 
fespect to sensitivity fa VSV ircfooto o^i be related to 
diiTerc^ices in eRdog^oiis fFN»a/fl pixiductio^ by the 

lower tewte of endoge^oy$ IFH-WP in contrast 50 tfee 
levels exhibited by CSF-I -delved OH/Hd macro- 
phages. 



DISCUSSION 

A rale fm eradog^OTs IFN pjodnctiOfs fey m^eit^ 
phages Md ^e modtolaibn of m£terophage dSfferentiatira 
in mspo^ to this autocrine sigasi. has been well-d^- 
minted. Specifical!>% Fc receptee espfe^to, as well as 
Fc-mediated phagocytosis [16,20,233, MmA mtk$m%%- 
presskm [201, and la exp^slon to steonatal mm- 

roptiai^ |i€>| all appear to ter^gwkted by IFN-tss/p in m 
mtocnm mmmtr In addition, prevb^s sidles have 
$hw^ lhat j^ac^phsgfiiS derived fern tte bone marrow 
under ths influence of CSF4 exhibit t^cre^ed ktex 
phagocyto^b, Fc Fecepior expies^io*!, and Pe-medMe*! 
phsgocytosk whm cof^ared la t&ose d^rive^ under thie 
bfltience of GM-CSF |3J, Based m &mm findiRgs, w« 
hypolbesi^ed that perhaps a major difference bet^eji 
these two populations of mserophaps reskte in the abil- 
ity to proiitoe fFN-at/p endagienOTsJy. E^mriina^kiU of 
the efldogen-oiis iFH-ci/p prod^tio^ by these two popu- 
httom vm$i pmvide direct support for this SSieory, 
However, the cofjventbnal «MraJ amy o^d to me»*- 
mm secreted IFN adiviiy wa$ fbursd ^ot to be ade^uatdy 
sensitive to test this hypothesis directly. Based the 
weSi-doc^me^ed rote of WH m m^&vmi activity [^e>- 
viewed tm 7 J, OM^CSP- and CSF*1 -derive! jiiacro^ 
pha§es ^efre comp^r^d for sensitivity or resistance to 
\im\ mfmtkm* The observed vW sensitivity of OM- 
CSF-deri^d m^r^|jhage^ versus tbe j^fmctorine^s of 
CSF4 Hfenved inserophages to VSV Wtokm teher 
supported tfte possibility that dififerertces In IFM pitsdtte- 
tlon between these two macrophage populations might 
exist. ConflnnMion of tJits theory was obtained follow- 
ing reversal of tihe GM-CSF-4erived mae^opljag^'s VSV- 
siensiiive pl^ei>ot>^ by exog^Roo^ addition of IFH-cx/^ 
a&d by reversal of the VS V-re^istaitt phenotype of CSF- 
S-<kriverd rnaerophages by additi^ of anti-iFN-«3t/g m~ 
tsbodks> These fmdin|s ^trojigly ^pporl a mk of IFN- 
«/p bi dJfltererttW viraJ ^seefftibUity of dicse : two 
macropbage populations, Moreover^ Ibese fadings sup- 
port the hypothec gjat ihere is a- differenikl sbllity of 
GMCSF- m& S -derived inaerophages to p^Kii4C« 
IFM^p «ndog^uiusly. However, the mecfoaiibm by 
mhkk VSV brfuc^s CPE in O^f-CSP-derived maero- 
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phages wa$ trot diKftfoted la this- $&Miy+ Sinoe misbw 
GM-CSF- n$r C5F-! -derived nsasropbaps suppmrf 
any significant viral rcf>iieatfcm (Table 2), it is unlikely 
that v!srai replbadoit rcsuf ifog m the Please -of mfbctk^s 
viral particles ntedtateti the observed CPE in tfag GM~ 
CSFH^riv^d r^srophagfc cuhuiss. These findings are 
similar to toss of MeGowaa mi Wagner [I4J, which 
dstt*0ti&ttai£4 llial vitas protection was ml a prct^uis^ 
for VSV^imteeed CPE, In addition the oh&rvatkift that 
both pafmlattem of m&^hages wre comparably in- 
fecied Cftble I ) indicates that the CPE observed in GM- 
CSF-tierived cuterss may bts attributable to differences 
in the m&itfratkm of viral 'progeny late 3ji sutare. 

The mechanisms by whkh CSF4 md GM-CSF tiller 
with respect to Eihe irtductio« of tiftdftgesiotts 
production in macrophage k yet to fees established. One 
possible gxplaitatioR supported by the tiaia shown in this; 
report is that CSF+1 is a better ijwMeer of endop&eKJS 
IFN during izt&g8fAag£ diffem&tioa than GM«CSF. 
This possibility is coasted wish work earned out by 
Lee and Warren f!2] In sl*id§£& wh&$& mature msjrii^e 
peritonei macrophages were treated wi 1,000-2,000 
UAri of CSF-l Of GM-CSF and then Msxted with VSV 
as an MOf of 2,0, They found thai CSF-J. could induce 
resistance to VSV i&fectioii* a$ evinced by reduced 
viral yteld, wd tot this resistanoe was s^vmed by mli~ 
IFH-nip antibody. Oar Mhm to detect VSV progeny its 
GM-CSF-<ferived rn^^phaps, tet contrast to increased 
viM yield eeeft by Leg ami Warren, may be related to i) 
the cell type (t,e< , pmitM^aJ exudate versws 'baae mar- 
mw-dgrived ma^ph&p&K ii) the indicator cells used it* 
tfosfr plaqus asw , s.65> differences in OF conceatratlotiu 
or iv)V3VMDL 

An alternate explanation fer osir fisK&rigs might foe that 
GM-CSF Mocks fejfteetim of em$oge*mus !FH-a/|S m$ 
or precludes macrophage* tmm rssposaM tig to exogenous 
addition of IFN-o/$ + However, the latter possibility h 
highly unlikely since GMCSF-dsrived ma^ophages 
wmi fmtsd m thk sandy to resposfol m Ihtis as 1 .0 
Uftnl exogeiio«s IH^Hee/p m exhibit on suttiYsra! state, 

Ift cosKlasitMt, thesR stUrdiies demtm^lrat^ the diilbren- 
tiaJ ability M bom msmw prngmiimz aftjmui&teti by 
GM-CSP \>r CSF4 te result m the m^u^tton of msqro- 
pMg^s with different capacities for !FH a/^ prcMfoetkw, 
These ftmlags ®M to ^ growing body of e^lcience thai 
the ^p^sioss of a mmre m$&mph&^ popttiado^n fmm 
progejiitom y-mter the taftefice of disiiact colony $t\m- 
islatiitg fector^ may co^trib^ in a $ig^^t way to 
heft^jg&Hgity ©xklbitei among mature maensphage pop* 
ukiiotis. these Rtidtep also i&strate lie potjentbl mte 
of sectMdary mediators prod^d k nssponae to mlmy 
simrnMit% fmism as part of s compter cytofes cascade 
which bads to the propagation md differs^tiatso^ of 
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Bone marrow-derived macrophages grown in GM-CSF or M-CSF 
differ is their ability to produce XL 4 2 and to induce IFN-y 
production after stimulation with Trypanosoma cmzi antigens 

Carlos Eduardo Taciokoro :5 , Isss de Almeida Abrahamsohn * 



Abstract 

Trypanosoma cruzi is the stsdogb&I agsfct &f Chaps' disease m nim Cosuml of parasitism at \M hsgmmxg of expedin^istsl 
tofe&tton ikpm.^i§ m\ cyfejfcme^tiv&i-^ ma&ropMgss that s>Tsthssteff Bitefc axkte (NO), We bvsstspisd m&Krophap populations 
derived tli* pressascft of M-CSF or GM>CSF (GM-M0) segftsdnig thm ability to ccmsroi Mrasdtekr f&f&sMism by 

T> zmzi and to syttthmm tlA:2 m4 NO. Both macrophage jxjp^ktJons supported intracellular r&^t8pBc&tk>s of the parasite; 
wbra activated by IFN-y, GM-M® edited better control of p&mt£ism. SSSrauktkas of OM-M0 wish 7\ cmzi at St^h^ivmcms 
mrem resishsd m II.A2 productfoa stsd higher fev«Ss of NO synSltsais hi eamparsaas with ^mmhtm M-M®. Msc^e immmfesd 
with par3?iits-A.g>pulsEd GM-M0 but tiat with prised M-M0 had bestsased IFN-y atad lh-2 production m lymph fl<afes. 
Hdwtsve*, wte imama^ticsH ™ fattened by fafertfcft with five parasites* transient devftttaa of IPN-y prodrotiott was observed 
fat bom sad M~M04tKsaimi^ mice, wkhcmt reduction of Wood parasite bvds. €> 200! Btevkr Sdsm-cs B,V, Aft rfgtas 

MsesrophagB* ptjp^a&m^ Niiric sxide; Cytofenus; GMCSF; M-CSF; Ctrngas* d&s&sfc 



Infection with fee protases parasite Irypmamma 
cmzi results in a tiiVlong infection, which am bad to 
Gtegas* disease, a debifit&ti&g illness affecting heart or 
digestive faction 30% of dmmic phasG-pstsents, 

T, cmzi cm infect maaroph^s amongst a variety <sf 
oilier host cell types; iM£8^i!tto xepl^cstkm i>^rs as 
am^stigotes followed by the t^Ieass of tryponutstigok-:^ 
that ess be carried by fhe bloodstream to iafect alt 
organ** 

Control of T, mm pmmiikm during Ch^ first weeks 
of mfeot.km. fe c^tistd^r^d to 'be critica% dspeiideiii on 
sffbctive macropkage Btctivatlon. by cytokines, Bviteies 
Mb mmm$m&& Showing that tfas addition of IFN-y 
OM-CSF ISM ^ TNF-ot [4,51 ^ <^ItW8 of T: 



^ C^t^o^^g author, Tsi; ^5^H^P3^ ta^ 4- 55-! ^ 
E-mail atitfrm: Uhmhamf$mp;h? (L ds AJmesida AijrsSsaRssohii). 



^m^j-infecled TTuic;ropbag<5S resets in mare efficbut 
killing of am&stigot&s by tho phagac^t^.,. Ilse b vivo 
admhi3stmtioii of IFN-y |7| TNF-a [8] or EL42 [9] 
^ariy toring isifebn dfctivdy reduces blood para- 
^i&m and mor£aiky, 

Itttr^lM&r kiiliag of T. emu by lFM- : y- or TNF-a 
-activated, macrophage is mediated largely by mldc 
oxide {4|, IFN-y sytithMs at the ifdtkl pbt.$e of infec- 
tion is 3QL42 dependrat [10 f U] and xmportant for the 
roatroi of Zl cmzi mfefctiott by inimLe [9] and acquired 

fe. iht mmim model of Lmhmmk m®$i?r mfoctioi3 $ 
ImtBumizatioH with pantsi^-^ntipji pulsed macro- 
phages grown k GM-CSF (OM.-M0) S but not 
with similarly jmls^d macrophages growti to. M-CSF 

lymph. no4e^ (LN) tmi increases ths r&sta^c# of sus- 
ceptible BALB/c mm to Mention [12], Tbi$ smdy 
indicates that tte type of macrophage that totemcts 
with itBtig^B (Ag) in vivo may mfl^esce tk« Immune 
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by ers&iiiig a mit&M fkvombkf to the- develop- 
ment of an early protectiw cytokine response, More 
rangy, the same authors correlated the observed abil- 
ity of A^pohed QUM0 to local? fedwe JFN-y t to 
evels of IL42 expression m the target LN 

[131- 

Thorn two populations of mararopfcag&s also dife 
regarding other important paisarttetm of tite bramme 
mponse, la compariaoa with M-M0, GM-M0 express 
higher leveb of MHC moteb [14], are more dSctat 
at aivtlgmic presentation atsd Th 1 eel] stimulation [15], 




m md 

It !ms been 
production by T, mm. tofteted 
factor for their 
considering the 



to 



and microbicidal activity 
NO IITJh 

earlier gad higher IFN-y 
is an important 
to infection 118,191 Tlm^ 
potmftiftl of Ag-puteed GM-M0 
IFN-y producd^ . ^ the^ be- 

{Wtaotlftte immunity to 7: crmi mii$m% and to infec- 
tion* become hrtftitftiftg. M addition* it allows a better 
Midersfendtag of Che differaitkl activation of 
macrophage population by GM-CSF md. M^CSF. 

In this paper we show that Tl mai or Staphylococcus 
mrms (SaC) stimulated GM-M0 k caparison with 
stimulated M-M0 produced IL42 and higher levels of 
NO, IramMti^ of BALB/c mfcs with T; mm Ag- 
puked GM-M0 ted to mkmmd trmrnmt pn> 
dtt&taa bv drambs LN cells, However* when 
dm&nged with Hye ^OM^M0 as wsli as M- 

tion but 



& Materials md 
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Female SP.F BALB/c mice were obtained from the 
breeding @&im&£ facilities of She Dcpftrfmeat of Im- 
munology, ICB, U3P, Mice w»c esed at 6-9 weeks of 
age. All prcxsdurss with the amomta were in accor- 
dance with the prteipte of the Brazilian Code for the 
Use of Laboratory Animals, 



Ag 



Trypwmowa emm (Y strain) tissue culture irypo 
m&si%Dtes were obt&faed from supernatots of i 
IXC-MK2 eeiis (ATCC CCL7J) as dread; 
[20], Briely, LLO-MK2 celte were mamtainqd in culture 
flasks with DM'EM. sontdnksg 2 mM gtotarnke, 63 
mg/I p^fciilin, 100 mg/1 streptomycin sulfite {Signm 
Co,, St Louis, MO, USA) and 5% fettd «df 
(FCS^Gus^adhy, CakM, MT> Brad). Sub* 



c-olteed daily 

betwmi days 5 and 9 after infeodo^ wasfe^d three 
times in sterile phosphate buffet $t&mz (PBS) (1900 g 5 
20 4*C) and resuspejided at 10 s or 10 9 parasites 
per ml Badi peorftsite sampk wa« fro^ft md thawed 
tan ttees to prepare T, mm mtiigm. (T^Ag) and stored 
at ^ 20*C. 

r. crmi (Y strain) was maintained by w^My to- 
tmperitonsally (1 p.) inj^ttOR into BALB/c mice, The 
paimto-riob blood was iippropriaidj diluted fa 0,01 M 
st^U« PBS to contain 1 00G blood txypoma«tigots$ m 
m [il and imwmd mbmtmimmly (ws.) k mice at both 
sidss of the has^ of the tail 

GM*CSF ad M-CSF 



The methods «a«sd to pstepare these two 
populations kv? b^n described to eMail [12]. BiMy, 
siiiefe cell s^spensioss of bone marrow cells were <juI- 
m (>-we£l cuMu^ dishes at 2 x Iff ceO«/ml in 
RPM.I mediimx (Sigma Owmicai Co,), auppJmented 
with 2 triM gtaiambe, 63 mg/1 p^idlim, ISO mg/1. 
stoptom^te ^ite, 50 2-MB and 10% FCS con- 
tailing either 40 ag^al miirke recoittbbftot OM«€SF 
(a. gift from Dr Robert CMfman, DNAX Research 
ImtiMe, Palo Alto, CA) or 30% (v/v) L§29 oeiUwdi^ 
tia^sd medium as a ^o^ro^ of M.^CSF [12], The cxtito&m 
mm tmmti and medium was rcpfenishsd every 3 days 
bs. order to remove si^^-adjiemit cells. Adfemnt cells 
were w&d m the £%pediaents o.^ d^y 10 after mitiatio^ 
of the cultures. Adherwrt cdfe were of homog^eoM 
morpbologj.*, cottsfeting of mo&on^tctear odfe with 
abuodaist c:ytoplM:m. There were ao cells with dough- 
Btii^haped tmckm or polymorphamiclear v&k. In or- 
to charastsrixe the osi! populations presest m the 
suites, oeii suspensions from 10-day-old cuitiim weiie 
stained by fliior^cence im&imtmt with. Fc recep- 
tor«biooM£5g Ab 24G2 (20 jigper well) and amlp^d by 
Flow Cytometry (Bs^tcm :DlcMirsK>a 1 San Diego, €&), 
Cdk wrs? nitLwzd mih FTTC^uihCDUh (M.m4) md 
which ar© isarkes's pr^is^iidaBy sx- 

CDllc %ton«°K4t8) ^^VitSS^CDsJ was 
pgri^fmec! to d^sta^s5:E^2^e the frequency of dendritic cells 
(DC) expitstsng the CSDlk marker asd tlw pesrceatap 
of DC espressbg: CDSoe considered a maiter of DC of 
lymphoid angm [111, Antibodtes wsrs pmsttaasd from 
' n Diego, CA, GtottUt of M-M0 
positive for CDllb at 86.1% and at 

11.4% tor F4/80 wheisas ibr GM-M0 cutores, the 
were, re»pcctive{y. 92.6% aad 73,1%. The 
of myxoid DC (CD11C+/CD8BT cells) 
20.1% (M-M0 Gtittam) a»d (GM-M0 
ajlttttes); lymphoid' DC (CD!ic*/CJD8« + cells) per- 
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cntages were 4M% (M-M0 m\txm$ md 23% (GM- 
M0 outers). 

2,4- In mtm macrophage irtfhetim 

Cultures of GM-CSF-growfi macrophages (GM-M0) 
or M-CSF-grown macrophages (M-M0) were dk- 
pmmt (2 k 10 s ) too glass chamber slides, (tow sham- 
htm to a slide) (Nunc, N&pervilte, IL), aati infected 
with 3T. craw M 8:1 p&r&si£s:eeil ratio for 6 h at; 37°C in 
7% CGj« After that, ailtores were wbd to remove 
extracellular parasite smd half the slides were stained 
with HBMA 3 set (Bbchembat. Scie&Bes, Swedes- 
bow, NJ)„ The- remaimng washed ettkures were further 
ift&t&ted in mmpltit RPMI medium for 4.2 h. Alter 
ibis period, the supem&t&nts were collected aad the 
slides were washed tod stained with HEMA 3, The 
fr&rv&Rted siipernsttants were used to measure IL42, 
J.L-10 and NO levels. Some culture were tested with 
murine rXL-4 (ID iigM), mwme riFN-y (1.00 U/ml} 
(gifts from Or Rote CMtas, DNAX Institute}, rat 
urtkmtrifte IL-H) mAb 2A3 (21) pg/nrf) and j&» 
doraeihada (20 ^g/ml-Sigim t&eroical Co,) as mi in- 
hibitor of prostaglandin (PQ) synthesis [22] iit order te- 
evaluate modu!fttioA of NO or 11-42 production. These 
reag&xtta wer$ added at the feegmntag of the cultures 
and left for the duration of the culiam (48 h}; for the 
eulttftes ittfeefed with T, ermi, the reagents were added 
at time zmo and added agate at 6 h after the removal of 
eXtr&t&lM&r p&r&siu$« 

25, Immunization qf mice with mmmphagm md 

Bone ro&rrowKferivsd macrophage (QM-M0 or M- 
M0) were focgtbBted In 6-weli cntere dssfees (overnight 
at 37*C in CO*) with ToAg &i 500 fig/ml (equivalent to 
10 s p^&sta per ml). After this i&rajfeation period, the 
cultures were washed two times with PBS., rc^u^peiidad 
is EDTA 0,1% ten F&S and tucubated at 37* C for 30 
mm* Complete RPMI medium was then added and the 
cells were gently seff&ppftd from the plastic surface* 
washed tws.ee and m^p&sded m RPMI medium. Mice 
received injections of 6 x 1.0 s macrophages at ih$ base 
of fee fail, 50 jii at sash side. As control groups, some 
mice r^ctkd 100 jig of Tcr-Ag. Groups of .mice- ware 
also iufeeled with 1000 T; crcatf blood tow, 24 h after 
immHBtt&ticxfi with Ag-ptttoed grarophqg&B or with To 
Ag ? by the same route, 

2. S Lymph wde mil mitwes 

Mice killed 5 and 8 days after termination 
arsd fes superficial feg^»'3&( md abdombai periaortic 
lymph node* w^e removed aod LK set! stispet^ions; 
prepared, Ths cells were cultured in complete RFMi 



medium in fiat-bottomed plates at a density of 

6 x W % mtkflQB \4 P m well for prolfeitiojs assays- m 
In 24-we0 pktes at i0 7 ce!te/M or at 3 x W oells/nsf to 
barrator supm^itants at 24 or 72 fa of e&itm% re^pso- 
tivsly. The calitires ^im^iated with Tc-Ag (com> 
apcmdiixg to 1,2 x W pmmitm per wdl), pHj-TdR (0,5 
|iO per well) added to the psroKfbradm assays IS h 
before c# tov^stisig' st 72 h of culture. EUdta^ivity 
was measured by sdutilktbn couMiKg m4 the data 
ptmsied m the adtkmette mean (epm) of triplicate 
cultoxjs and standard deviatbn (SJ>,), 

3,Z Cytokine assays 

Cytokme kwds m culture supem^tants (24 h for 
and IL-4 mea^^m.«ts and 72 h for IFN-y 
ILO0, lis LN ad^um) and IL-12 ia macrophage Ol^fe^s 
supmsatants (48 h) were m-sasuted by two-site sand- 
wioh m^me-Mtikfid smnmnosorbsal mmy (BLISA), 
Th-s following mAb pmr& wete u^ed of which the s«e- 
ofj.d cited was biotmylassd: IFN-y, XMG 12 md AN 
18; 1L^2 S 1A12 and 5B4; JBS-2AS and SXC-J; 

114, UBIl md EVD&2402J IL-12 (p40), C17J5 
CHS. Standard curves w.re obtained with ssecombi- 
mmi mo» cytokines . The isdninud dets^Me <?on^3> 
txation in each test te: IFN-y, 1,6 ag/ml; IL-2, 04 
ng/mi; 1! U/mfe IL-4, 0,16 a^ml; IJL42, 0.31^ 
mi The iescdon was devdoped with pemxid8»&«c0S|fu- 
gnted str^ptavidin followed by the sitbstra^ mixture 
cont.aming hydros peroxide ais<i ABTS as dtro- 
mofgB, "Tim mpmmlmU were tssted serial twofold 
difetkms and. the mils exprs^d m the arithmstte 
iseats of ckipHc&te determmations ± sUm&md erro^ of 
the. mesa (SiM,), 

2 ,S. NO determinations 

The nitrite content in duplicate mM diluted sampfes 
was msaswed by adding 50 pi of freshly prepared 
Crmm xm^m [23] to 50 pi of the SBmpteg b. 
pktes. Optical densitb^ fOD) were read at 550 am f 10 
mixi later, by comparison with the 015 curves of mM 
dilutions of sodium mtrite in complete cultiiire mdlim; 
minimal detectable eoisesDlratba 1,6 ^iM.. The 
results are exjttes&ttl as tte arithmetic mean of dnpli- 
Otis thtmmmiiom ± S.EM, 

23. Parasitemia levels 

To verify the infection progrsssfei^ patasit-^ma levels 
were determined by rowtttag the number of p^mftites Is 
blood samples. [24], BrieSy, 5 jd- of btood w^t^ 
eolkcted from a tml vein into a mieropipette tip rinsed 
with ^tfcosgolaiit (3 MY* sodium. oitrate} :8 ud dis- 
psnsed on a gtoss ^isde, .After feat, a CDfrfp was 
plgtced an the Mood sample and tte psirasites were 



M 

counted ist SO M&s 8t 4QK m&giMmtWM, Ths vomited 
area was extrapolated to the whole mm of the coverslip 
and the results were e&pressed as number of parasites 
per ml of blood, The results are expressed, as the 
arithmetic mzm of det&rmk&tio&s ± SJEUM for groups 
of five ftftifK&!$o 

Z M Statistics 

RftSttUs torn, m&eroph&p Mrotkft CKperimeats and 
cytokine determkatioiis were analyzed by Tutey- 
Kramer t&ulttpk comparison test P&msitsmk levels 
%mm compared by analysis of variance (ANOVA), 



3. Results 

J. /. Infection and growth of T* enm in GM-M0 md 
M-M0 

Bobs marrow-derived ^i&eroph&gfcs grown m M-CSF 
or OM-CSF were first compared in thsir ability to 
becosns infected mA support iatraedlular growth of T. 
erwi* A$ shown m Fig, 1 A* by 6 h after mfecttoft, 98% 
of M*M0 in the tadtoes wens paradtfeed; 50% of the 
total fofeted cells- in culture wsrs heavaiy paxsuntk&d 
containing more than 10 p&y&§it$s per cell. Xu contrast^ 
the p^reetrtage of infected QM-M0 was 81% with 
10% of the odls tetaixsg more ita 1.0 parasite, This 
indicate that T. mm iaitisf mt^rm&mikm by M«M0 
was higher compared with Following ths 

eatry period of § h, Intracelfelar multiplication of T, 
mizt occurs m both GM-M0 am! as observed 

at 48 h by ths raJucii08 m the munber of macrophages 
harboring one to five and five lo to parasites aooompK- 
iiisd by a parallel increase b macrophages containing 
mors than ten parasites, 

We compared the eiTeet of IFM-y treatment <m 
the ability of GM+M0 axsd M-M0 to control mtracd- 
kite parasitto* Treatment of GM-M0 or M-M0 with 
liFN-y resulted in dgmfeftt lower fofectfoa z&tm at 6 
h alter te&clioa as compared with imt treated cultures 
(Fig. IB vs A). There wsr-e no marked diffefesicss m the 
rate of pmmsftistft tewcen M-M0 and GM-M0 treated 
with rIFN-Y at 6 h (Fig, IB). After 48 h of culture to 
the pmsnoe of IFN-y, the total pstfcs&tags of infected 
sslfe was simiisrly reduced in GM-M0 m& M-MB 
cultures (Fig. IB)* It should he noted, howsvsr, tfaftt 
3FN~? treated M-M0 still h^d more feavily parasitised 
cells (moKs than six or ten piisrasites per cell) whsk riorss 
ohs^rv^l m QM-M0 cultures. Tate together^ 
ttess rs^^lts siigg€$t that WN-j activated OM-M0 
exert a hotter control of btracel Mm- T, crmt pmmi&mi 
than simOarly activated M>M0.. 



1.2 A^O pmduawn by GM*M0 and M»M0 

As the mtebicidai effect of macrophages on T. eruzi 
is dependent cm the production of NO by ihm cells 
[2Sj 4 we neKt ijivesilgated possible dlffe^c^ of NO 
prodticiloft by GM-M0 and M.-M®, Spositaneot^s, \m- 
$iimxt\&$$& HO production was ml signScsnfiy differ- 
eist in the^ macroph<ige populations and the addition 
of IFN-7 to «kher type ot m&otoph&$m did not 
slimxilM® NO production {Table 1), Stsmuktio» of 
GM-M0 t>r M-M0 cukure^ with live T> enm failed, to 
stteukte HO prod^^ttoa, wbersas stimulation with 
dead SaC mcreaB^ed NO production otrfy m GM-M0 
cultures . Stifiiniatian by dther to or SaC assod- 
atgd to JFN-Y trs^tosM resulted in significant increases- 
of NO prodwUoa by both types of mac^ophagss, bow- 
ever NO lewis me&sstt&d in GM-M0 cultures wei^ 
akyut 100% Mgiier than thos^ seen to M-M0 eiJtoms, 

It has b&s& reported that M-M0 wh^i stimulated 
with IL-4 IM were capable of pmducmg mare 
NO thsn GM-M0 [ISj, As shows m Table L IL4 
ti^eatmeni had, an inhibitory sOta NO ptodnctiots 




Hoots after infection 



1% 3 . f sste sos* of GM-OF (Cm -MQn zv6 S4-CSF {M^M0} gfowa 

th« 'giressi^e {B) fts&utis exps^dd as the tiKsasg pcr^tagc 

of flftTi-infebt^l sS£:jlSi ifitfil Infected c$.^s m?<& chills hsrlxsr^g o«£ 0 
S3X to 5©a or more pfrrssUss. Mesiiis rrism tr^jjeate- 

C5S.U»«ss ± *P <O,05 GM-M0 M-M0 at tfes. ss«3« tsmes: 

asd condHiot^ of >?o)t«f-e,. Rfipmesiitativfi of tfescae oxpcnoHmtSp 
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HMq m\m prs>fetbn by M-M0 or mtesd witSs Tl mm 



cm* mmnlm Nitrite UMj 





Medium 


(100 'UM^ 


IL4 

(ID Eg/ial)* 


M-M0 - 


32,6 ±15 


t0J±2J 






10,2 ±2,0 




13-S ± 3 + S 


u ve r. 




23J±46 


6Ji I A 












!*,*±3.6 


rM±3,5 


10.2 ±2.0 




3&4±7.7* 






Live 7. 


21.8 ±44* 


42 J ± 













* M&sr-afjfc&gss: were •csb&sssed as de&stifei tm-tf scared & ckas&bsr 
s&tiBS wkk dfi^c; SnipMitCiXMs mim^^mi Cowan (SsiC) #r ^rif&csed 
with 71 fims-^ for 6 h. Sapematsms tar Nsi^te qijaft^ksfes 
Gtairs*^ sfi<?r 4£ fe, Mmm of dupHcst&s ± SJX Rcp^e^&^ve e?f 

51 Qytti&w* ware aiiiikd at mn of the sult^a and asJdsd apfo 
tea T, cm^Me&isd culture after &fee Mt&l 6 ptskvl etf k\fet&k>a. 
*.F<ft.05 cfismpaflad with idarsuca^y stitnuSsted and ttsatsd M-M0. 
m P<®M ccKRK^ssretcf wsifc sullies wkhoas IL^aMtfos, 



by T, cruzi- or SaC-mmukted GM-M0 culture*, but 
did not modify NO production by M-M0 eiifeirss. 

33. IL+12 pmdmtkm by GM-M0 and M-M0 

In order to farther characterize the two macrophage 
populations, w§ in&imr^d XL- 3 2 ati4 1L-I0 pjtKlnstion 
by GM+M0 ami M-M0 after T, £ruzi-Me&ifoTi y SaC 
attoktion m wmhukm with 7 s , m^l aMigsn, Qui- 
tures were also treated with IL-4- t as this cytokine was 
r^port^J to SBhaace IL42 secretion by SaC-stumdsted 
human peripheral blood^teriwd mac^Dph&ps [26], 

SponfftOgpUS IL42 production by M-M0 was very 
low and only tow feve-ls were obtained m SaC- or live T. 
cnm^tknxihmi mltwm (Table 2); treatment with 
IFN-y or IL*4 did not augmesfc XL*12 synthesis. Is 
contract, GM-M0 spoataaeoraly produced higher IL« 
12 levels that were .significantly increased by SaC or live 
T, crmi $ikmM\oni additional sfernktio^ with IFN-y 
did not further mcrease 1L-.L2 productipm, Fre-treat- 
mmi with IL4 resulted m marked decrease m 11A2 
production by 

IL-10 tewk were imdeieolahb \imstisnutet^d ar 
stimulated GM-M0 cisltures (dam not sh^wsi) and very 
Sow m M*M0 cultures stiinul&ted with SaC (2,78 11/ 
ml), SsC ■■[■ IFN-y (5,75 U/snJ) and live T> crtszt+ IFN-y 

As IL-1 0 ^d FG have bee^. described as isihibitors ®i 
ILA2 sy&ihtm by macrophages J27J, imittfected a^td 7; 
•crw/»|iifeoted aiid c&h&res were 

trfS&ted with sietttraliziiig &at!4L40 mAb and with In- 
dom^dmcin, as nshtfaitor of FG synthesfe [22], No In- 



crease of ID- J, 2 synthesis was observed by these 
tottm&nts (data not ahsMB), 

We next ssked whether T. erun antigsa (disrupted 
par<isit<5s) could diflbtmtWly stimu&te IL-12 pioduo- 
lion by cultured GM«M0 and As shown in 

T^ibfe 3, ?; putetog of but not 

of M-M0, sifarLuktsd ILA2 production in & dose-de* 
jxi-ndent way. 

3A IFN-y and 1L~2 production by draining lymph 
mdm mHfr&m mice immunised with T, 

ar with 11 cruzi 

Ag"puked-M~M0 

hi order to verify whether the in vitro observed 
dii&remces between GM-M0 and M-M0 could s^at 
tbe development of t!i^ immTOe response to parasite 
antigen vivo, mice were kyectsd at the base of ih% 
tml with GM-M0 or M-.M0 eadkr ijsatbated 
avsx^ight with parasite Ag sisd cytokine prodiictjon fey 
dmbing LN sd! c^tftwes <fetetnibed 4 and S days 
after immunizsatfiOUs Immunization of mice witfi T, cmzi 
Agrpnk^d GM-M0 led 4 tky^ later to sigmflcaittiy 
higher IFN-y and production, by LN ceils than, 
otem^ed after immtmk&uon only with dus antigen or 
with J • Ag-pulsed .M.-M0 (Fig. 2A). O^sttes- 

kted. cuihures derived from OM-M0 Sr^m^nted mim 
also showed higher IFN-y prDductiom than those 
derived from M-M0 immantod mice (data ml %h<mm), 
levels were reduced in LN from both Ag-ptdsed 
and M-M0-immimi>ged mice as compared 
with culture from mice immunized only with T, cnml 
Ag (Fig. 2A) r IL4 was bdiow detection fev^te to all 
experiment^] sitoatios^* O&linlar proliferation of LH 
eels, meMum! by pH^TdE mootporsttoai at 72 fa of 
culture of Ag^tbndated cultwr^j w&s of similar mftgni- 



RA2 pmlmitm by M-M0 iyr GM-M0 Mected wtth 71 £^?^ 















FL*4 (10 








<&3 










lm T, 


IS -r.0.3 




<0,3 


enrn 










± L5 


r.$ ±L5 


1,0 ±0.2 






M.I ±4.S* 










43*0 J** 











^ As i&jscdbeisS in Tsbte i. 

* fielcsw mitihrt&1 ik^ies kvel : *F<0J5 c^psr-stl with idcj?ti- 
eaSty stlo^atsd ss^d tfs»ted M-M0. **J*<QM mrxpmsd with QM- 
wjtls^t IL4-stte^ad<5s, 



prmim;^ by or OMMB piis^ wstfe Ti>Ag 



32 ±0.6 



{Te-AgJ per IC 
2 

NO 

2.6 <f&5 



ND 

3.6 ±0.7 



50 



<D3 
5-04 



250 



<0J 



* Ms^phaps were cultured in vto sss jastoa Hmtamtag dif&rcai eoKcefti.ratsosis of T»Ag. 24 h tor, all $^graa&tt$ w$ fc^es&td m§ 
11-12 toels were sktamjimssJ by 



tods in xmm mtmmimd with Ag-puLsed GM-M0 
(86 6 1 6 :f : 1 5 52 epm), in mios imaausiBed with Ag* 
p^Sssd M-M0 (61 472 ± 1 1 64 1 cpm) md in mice im- 
m&nked o&ly with parasite Ag (66 192 ;fc 3875 epm). 
By day 8 after Immu&te&tkm, IFN-y asd IL-2 levels 

mm tad Mhty to 12,1 aid 4,6 ag/m!* m^ctivdy, and 
were «ot ssgnifkantly different fmm thorn observed for 
jinics inttfittttked with Ag~putee<§. although Ag- 

specific proliferative response were higher in the for- 
mer group of mice (data not shown), 

Takers together* these remits mdie&te that kmnmibm- 
tion with A g-pyised-OM -M0 dintufafts a stronger 
t?&n&&ftf IFN-v md pxxittetH>ti m. the dr&mmg 
LN tks& iaimumzatsox* with Ag-pulsed M-M0, 

3.3.. Immunimdon with T. cnm-Ag-pufazd GM-M0 a? 
M~M0 followed by infmtim with Iwe parasites 

We next verified whether Oie higher stimulus for 
IFN-y production by LN provided by jmrnrniiaatio-tt 
with 7\ cmzi-Ag-p^md as compared with 

pulled M*M0 s would hold m & situation of ^fwpmt 
mfeetiott with live p&msites. Mice were immunized with. 
71 mm-Ag pulsed GM-M0 or M*M0 and iafected 24 
b iales 1 with live r. mm- As shown, m Fig. 2B S both 
unmttiths&tioja procedures resulted ia mimmmi Ag«stta~ 
ukied IFN*y prodaetkm by lymph nodss- 4 days after 
iafecSiosi whest. compared wi£h mice injected only with 
T, cmsfl^Ag prior to sBfsctioti, In the ahseoce sf exoge* 
na^s sti.muU added to the culture (mrastftiEied oisly in 
culture medium), ^ also observisd ijics:eas>sd IFN-y 
production in infected LN cultiix^ from both GM-M0 
md M«M0 kmrnmimd mice {r&is^ 20.1-34.9 vs; 3 J 
sg/ml in mic^ kcmmsized orsly wife Ag), No differeMes 
b\ IL-2 or IL40 prodticttois levels were observed 
among th€ expg^lniejital groups. 

In order to evaluate wfette the higher earlkr pro- 
disctfcm of IFN-y observed T\ cnm-Ag puked GM- 
M0 or M-M:0 imnnuii^ed rrdee would modify the 
atmrss of a snbsequeiit mfeetion in siisceptibk BALB/c 
mke s par^teaik and mortality temk wem detom^med 
in these mice.. No si.gJiiScant difibresse^s in psr^sitemia 
levels or in mortality levels were observed among the 



groups of mke feat were bnnmxdzsd with T, cnm 
A$~puk&& mm£®ph&$$$ or parasite Ag &k>m> or feat 
wars o«Iy infected (data not. shown), 



4, Dlsc«ssk*R 

Hie remits reported in this paptsr show that GM- 
CSF &'3id M-CSF stimulate bone^nsarrow maissrophagisa ; 
to d.SiTerentkt« to toetionally distinct poputet.to^ t%" 
prding their ability to control m vitro f' infec- 
tion m fes pm«ence of IFH-y ^od to ^tteb^ uitrte 





IFN^Wmf) IL^O^M) rL40(IiM) 



fig. 2, tyiokim pm&mtim by LN cei c?25ll«fB8 from msc$ imam* 
jssxiESfl Wtt:h f. r^^A^pu^sd ?ir M-M0 (A) fir jMiTjy;^k$d 

w^h 1000 Hve I! £mii hlooti sbmis {B), Gr-BRsggw of five w^re 

^t?ibSi:sh"3d 4 <Sa$?$; aftsr |m-5Sia«teg£^«. (A) $)-r 4 da^ after ^rselios (5 

M 24 h for iU3 as5^ U ?Z b far $PN~Y IlrlO 
^.mMcBtmn. himm ± BJLM r *P<QM coss3pare^ with Ts-Ag 
^rotip- < 0-1)^ OM-M0 vs M-M0 hxityiLmi^ed grau^s, Rsp^s^o- 
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oxide aisd IL42, Both GM*M0 and M*M0 were m§* 
eeptihfe to jhifectioti and growth of the parasites and 
bath wtsre activated by IFN-y to a p&radtidsfai sfSto, 
However, IFN-7-actimted GM-M0 were more dBse- 
•live tto tFN-y-actmited M-M0 at eonirolfeg Imr&-< 
cellar p&r&sstto. The enhanced pa*a&iiddai effect 
oorrefated with the higher levels of NO produced by 
the. former celi pqpuMum, it has been shown earlier 
ihati mourn peritonea! M0 treated with IFN*-y and 
GM-CSF have iscrasd p?odtttfio& of NO and para- 
smridal effect [5]« Unlike earlier result obtained by 
treating mouse peritonea! M0 with GM-CSF [5,6]> we 
were «bfc to ob$srws a trypanocidal or trypatiostatfc 
effect by OM-CSF alotie on bora-marrow 
macrophages cuMxirsd in the pr esence of this aytokme. 
Tills discrepancy may reflect the different resporsdve* 
rasa betweii boxte-amn-ow derived &t*4 peritoneal 
macrophages poptti&tio&s whet* s&jJCNSed to (te 

An totwstmg feature that disUngmshss GM-M0 
m& M*M0 populations is the ability of GM-M0 to 
synthesize high levels of IL- 12, when fefectsci m vitro 
with live T, crmi trypom&silgotes or wte. stimulated 
with dismptsd parasites A subclass of ttadd&a celk 
has been identified th&t, in the tJi«c, ; cam.es the 
CDfe marker, produce IL- 12 and directs Th cell dif- 
fercn.fet;i.oB towards ThI [28]. However, the phsnotypk 
analysts of GM-M0 and M-M0 cultures on ifos day 10 
of culture showed law and similar percentages (25 and 
46%, respectively) of CDHc^yCDSkx* cd'fe* Thus, the 
higher production of IL42 by GM-M0 cannot he 
ft&ribed to a higher freqircncy of mfilambant de^- 
dritie cells of the iymphoid-typs {CDlic^/COSa^ 
cells) m GM-CSF derived culture M compared with 
M-CSF-derivtxl cultures. Moreover, GM-M0 cultures 
had also a lower percentage of CDUc^/CDBor den- 
drite c4Qt» IL-12 is town as a eytokfos that stimu- 
lates 1FN-Y jBrahwdoB by MK and T cells. [27], The 
impcrlsraoe of IL- 1 2 to the control of T. ctuzi p&rs- 
siti&rct by ornate knmumiy coatfcmed by experi- 
ments that showed the aggravation of the i^fectsoo in 
mice devoid of T B cells (RAG/X.O msee) submit- 
ted to aati'IL-12 mAb treatment [I0J. Treatment with 
&&ti»IL*l2 irfhodj? also nmdsred SmiK^wocompetetst 
miss more susceptsbfc to r, cr«jsi ittfectsoa and resulted 
m dimmMwd production of IFN-y and NO by spleen 
cells pOjilj, The qwstim arose whether GM-M0 
stbmilMed with parasite antigen would be able to po- 
tentiate m vivo the immune response leading to protec- 
tion against F. mm mhc&m. An mkting report 
describing bcmssed ^istose of BALB/c mice to £, 
jfK$ror infection., conferred by biimmimtion. wltls I^M- 
,w^fej Ag prto^d GM-M0 [12], shows that this proce- 
dure mlhimoss draining LN {traduction of IFN*y [12], 
A r^mi report by the same authors correlates ttae 



results to s trarisient iacrestse m ILA2 production by 
LN in those tmce [13], 

Our remits show that immu^i^tion with T. »l 
Ag-pujs^d but not with pulsed M-M0 or 

with antigen akms* i«stdted m a tt^Ment etevatiota of 
IFN-Y &8d pmdiictios by m vitrei Ag-stim^ktsd 
LN cells. However, sdmtiktto. of IPN-y prMiietton 
wt$$ observed in both and M-M0-Si^mu« 

niged groups of mte when they were ohaifeaged with 
Eve T* mm by ihz &mm route (s^) as the one used tor 
immunization. This result suggests that the cellular 
mkroeuviroTjm^t of the LN ohalteged with fee para* 
sites provided additional stimulation to M-M0 ihM 
re-si.sh.ed in etshanc^d sttotisJation of IFH-y s:ynth«sk by 
lyi^phocyte.s, It has ten shown that ped.toa«S.i 
macrophages infeied with 7\ mm produce GM-CSF 
[51 Moreover, exposure of M-M0 to GM-CSF durfag 
24 h OTta^gh to sfMuikte the syjithesis of a T cell 
^tfendatory fetor (TSF) shut stimulates IFN-y protoo- 
tbn. [15]- Furthermore, GM-CSF merges the produce 
tioix of IL-J2 induced by & aumm or LPS m 
macrophage culm^s p7|, In this cont^t, it is possible 
that GM-CSF produced by 7* ^wi roibcte! LK 
•Eiiacrophitgsts cotsld sihxmteie byst^tsder htjected M- 
M0 to seerele IL^!2 leadmg to increased IFN-y syxi- 
thesis. 

UTtlike th^ r^to reported for the Leiskimma maj&r 
model of infection [12], we did sot obs«rve taetwed 
rcsi^ta^os to ?t c?^/ ks the ?nice immunissed with 
pa.nisi^ Ag-prim^l r^aorophap populations, This re- 
stilt protebjy reflects the systems nature of 7^ m 
bfection with parasites ntpidly di$secaliiatin| to other 
org&^ by the btood stream m opposed to Lmshmmm 
infection that remains fox a lo^r thm ootifisied to the 
skin md dxmnmg LN. 

Ib condusio^, have shown that GM-CSF mid 
M-CSF stte^ate bo^marrow maoropha^s to differ- 
esstiate to fisnctbndly distinct :popufetIo.»s .regarding 
their ability to control In vitro 7\ crmi infection, to 
aynthesS.se IL-12 aad nitric oxide £fld to prims the 
immtiRe tt^pot^e to parasite antigen. The resuhs rein- 
force the mle of GM-CSF as a cytokine that, acting on 
m<tcrophage$i, c^r^ partidp&te in the msiats control of 
intracelMar parasitism ^har^e mmt® Imxmmiy. 
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EXHIBIT 6 



The toimal of Inm&mokagy 



Granulocyte-Macrophage Colony-Stliiiuiatiiig Factor (CSF) 
and Macrophage CSF«Dependent Macrophage Fheootypes 
Display DifereEccs in Cytokine Profiles and Transcription 
Factor Activities: Implications for CSF Blockade in 
Inflammation 1 

Andrew J* Fleetwood Toby Lawrence* 1 Iota A* Hamilton^ at**3 Andrew IX Cook* 

mtd M4^F (CSIM) cm mhmw macrophage listija-p nmilww as well as lamiyJ&te teir ciifemftatkm m& hmztkm* 
Of reirerai poleraiifoS dgHE@rcttn££ far the therapy M Mafcmiiaior^te^ diseases:,, iir blockade irc relevant aiurastl. madds 

l&Ms Jo ii mlMSkiit Its dts&ase »eUvfty+ Wfr&t U?e crltk&l sue of these CSFs m tt&£iWi$k&^8 tiuriiig hrfS&tttsft&toi'y rfc&fcjtiaus 

W& tmkwwn* '1*8 address th.Ss iKlheratst ixtsiprophsps (GM-BMM £md BMM) were first derived fffttti rawing- wmrro-w 
precursors fey GM-CS-F $md M-€EF 9 raspfcetweJy,, annd sfewlalM in vitro wllh LPS l;o mmsorsi secreted cytokine produc&tti*, as 
weil m NF'kB astd AF-1 wtfvHfc&. CJM>BMM gwdta^tiaEly pratitarceti TNT-**, BL*6* JI.-I2p7P T awi whereas, c^sn-e^lvv 
BMM $>ztmM$$ tmm mi4 CCL2; ^tfifcingiy the tatier p&ptifatfcn coidtf not police de&e&bfc iL-Ijp70 ami 1*1-23, 

F&fiewtag LPS stioitstatitaii, dssptayssd. rapid ImBm degradation, n*idear troiisIttGaiiOfi,. and NF-kB DNA binding 

relative io MM, as wsll as a. feter m& mhmml AIM M*&mitm% Badii macrophage p*pdste> was j&lso pretr$ftt&3 with the «tN«r 
CS'F before LFS sfcirotdatiosi and fmiasi adopt ii*e pfugootygre of the either populate to $?mie extent as judges* by cytoidiw 
production and ?$F~kI$ adivity* Urns* G3V&CSF and M-CSF d^ati&ru&t at the tevel of rfta-erophage cyto&ta prttdueliof?, dif- 
ferent aad sveti cotHg&Stag rssptf&ses with implk'stiism fm ihvfc r$$pmtim mlm in inihrnm^ilm^ imimMtxg a possible $&ertpet3i*tg 
or sajtpr^ive rale for M-C8F iti certain rfrcoiiis&&nce& 11m Jtiimml ®f Immumfag}*,. 2M7\ 178: 524S-5252 U 



dans Issding dlv^srgfc^t fu.RC£EOs?s ( ibf ^xa3i?pk m. gii^s 

llie&s: dbIIb ars able, thrmig h vasi: »jT;sy medja^os^ tlssat: fchc^ 
am cspabk of pniduain;g > fcj con^rdl both t^e p^gre^io^ and r^K- 
cduto oflnfiaramatoy legions (2, 3), Aucmp^s ^«v& bc--« m 

iasdtion m^o 5he s^^ll^d Ml smd M2 s^to bes^ pxtpas^d (2, 

Two ^ cytokines, a^^' to ^ jm^r)?(s^t In cmtmllfag ihs 
flf^rnbefs and f«n^OR of ma^^^gt ^n«ap ^opila^^s in In- 

C$¥~\ 'CteiS CSFs §m ai^o cjrHi^S to proper mmm- 

nsmoc of slftKdy-s^ macro^^e <fe.v^?o^memi 5 al^iough wk'H tSSf- 
mlft^ S&idl$^ usi^g srnc:e: de^dsm hi twmtimtti M^CW 
(tiptop mice} reveakd ihsi N-CSI" pJays a rok Kteaidy-ssass 

l^ttim HmummMK LmiHaw Kix^km 

5 'Hik work s^k; sipp^ffes^ by & graiU ssfttl. a 5ssk<f ft'iiidp.a!: R*5*arc5i FsSkj-wsisi^ 0* 
frm Sfes ^ftS&sis? f5csl:iij> -VMe>ij: Sffs^aTsIs Owrwi? «? Aw&1vsl?y.- 

eassSi y^ivesaj^ MsSta?^ Ro^al Ms^«n>s HssspHsir. ^rb'^i^, V|^«?rb, Am--- 
mim i^imii %&$$m:. 0^-\m^4^^>. i> ^t^i^,^!.^^ 



development of a ?5^mbar of rm$orc5pshsg« popislallo^ i& SO). F*>r 

$h<m\.$£ xtmmph^g& nr&Umtmx {12), 

Tht CSFs ^ pro^vi rv i v^^hog^^ic f tutors for sa^it^bftg^ iitt- 
mm populous; ^cy m i&m m$ m "ptim? m "®ii\m*r mm- 
mpk&gm m mil m mkm ®m\t &$wm#Mm f?, \ M -titm $m$m 
of C$¥ wxmi on ^mcytes/rna^fo^hsge^ have stevn \hm th^y csa 
m^lylaieil^ expmss^rs: common md dive^«^ m$ ofptoihxxs (6, 
Ul OM-CSF k often, ii^d ^ jJift p^aee d a ^!dn^l«» s^l3 as 

CSF i« ej^k^? for cDatri)] d : 'o-m)cto d»visli5pm»s5t (I0)c 
Th^m have: b&m m.dm m ih§ mwrn aofoF&ri&g ?M scd^ of 

dite^^^a^on of bo?-* mmt<y& pr^m<m. The GM-CSF-t&pesr 
der^s e«Ste 4mvt4 m w&y dsfer torn M-€SF->knved 
c^ujt^^s'U in a ^rti>er of ways {16— 19), Th^r« is evito^e 
that w^ei^ be.<;h CSI% add^d si> $1^ m;m m(ymz?$s?m£$^$v&%£ 
popsMkm th&y cm com\mi^ l&sdmg. U> & sti|>pj^s^:bj"$ of 
\uk<z rsspoms tG the o&m CSV (20, 21). Roce^Uy, psoift^lsmma- 

rivsd 3nae:rDj]:i)sg& siibss^ (ianned M^-i and liiave been 

.g€3ts?3.ted m th& -presssscs ofOM-CSF aad MC§£\ raspestivdy (i s 
22), However, sesto ^bs meitewk? svesb Ksnlribistiag to she 
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CYTOKINE PROFILES OF OM-CS^--CS^DSPENDENT MACROPHAGES 



FIGURE i, D^fer^E;^^ Msaalisissry activity sM bs£t3 
cytokias mUHA <sjsprsssisro sf QM"&MM sad BMM .A, 
Tfee 5&fcu&js»:y &csh% &i: G&f-8fctfo§ mi BMM was 

(2 ft ieA»Sis^ll>« & ratio of t: 30"fcr96h sS 37*C 
j» 5% CO* Catoipw wbssj pulsfisj wi& |f H fTciE ifssr Sfts 

56 h. s& iYifc&s&j:e DMA syMteis-. C&ss\f&§ ctiiim&s 
&m%$im& msdhim &fT stows. B&skgr&i;^ cs^us 
per s?ii nwte ftsy medium wti£ > OS ~ S ft. "t^s y&s^k* 
repreg&ti the Jtrasa * 5£M vftfuefs irofti sftres ktdfr- 
gjenefeiU sKjpsnisseo-is,- *, ^ < 0.0 J > for comftaskoa of &e 
&ffiititftaa faufea sf OM.-BMM vs. BMM< »< Es&aJ cy- 

mosnwl by Uvete esf 'TNF-« f JL42p$S, 

iL-23$tlS, H^ttpHt IL- iO, ori mRNA woe 

■ps^twraifid tp &s bwsfii es.p-sss.ui?! tevB* for $»ch cy- 
tokine, Tfoc F&stsSis irsgj^sjsi &e rc-esn ± SB&tf ssfva'l- 
smss £mj*» few £ft<!&p$tidB?ii &*pefSH*eft& *> p < 0*93, 

GM-ISMM v$ HMM for TNS*-**-; $ t p < BMM vs 
Gtt-BMM 8k fL*10; tp< 0.% v* CM* 

SIMM ferCCU. 
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daffcresa pT®pmi&& of iWm mbsm rot to j^t&iti^ is^srplay of 

mm (GM-BMM aj^i BMM, wss^svely) ami s^dkcl folfowtag 
IPS gcisvasioa, bmh the- cytoy^ ^xp^ssLos sat^e: of xhz- wt> 

pmmm, also mdyfci a« &«^ysk otihz kter$*% b^tw^n te- 
CSFs on safese^yetst maeiwjjHage ucU vision. 

M^itermls mid M^lliods 



Genlrftt Afi^a? Scrvsees $F»to&§8i 



Reagents were m Mkms: fi^Oiabinmi mMm OM-CSF (P^raTcih) 
$w*M, fmD t m4 g-t«tei$ft& (Cs^U S^stalbg Tc-^s^-ok^k 

Bi?oc m&rrow-tJsnvcd Frjsc?J3plj^ge;?. giwi^ in M-C$F q-j ^M-CSF 

fts i^v^ju&Iv c^spribtxl {23}, Or* -dsiy 7 adh^r*!^ GM-BMM 
BMM (5 x ]{p isMsiM) *t^srR^si^ svsih; LPS ^00 isg,^^) far th« 

$.d^ula$QC§ ivs )t h wi^i QM-CSF t-f ljM-C^;- SOT OM-C-SF s^i 

CSF; Rk)0 Lv'^i: M«CSF U/rnJ OM-CS^ w^oyJ 

(••-•M-C^; K^i'O U/??U O^-CS^), I'^^aw^ig p?GiR>a^mc^t : . BMM «^ OM>- 



C: 



. mi CCL3 <O^BM BLiiSA k?ss;. 



M 37*C 3ft 5% CD>. &«ch to the ^ad E:T rAiia was J:1IX Cfl^iOl ^utb« 
^^Uiijsed yass&usss or T cells alOii<5, ] 



Qmmmtm PCM (Q-PCR} analysis $fgm$ ttxprnssmn 
QaratttatEVC-K^ {Q-I^C'K) sv$s perr'orTrsd a$ b<;ib?e IVedevcbpscJ 

®h\ eyc^e Rubers \\m vv^s ^i^fern^ using ifoft tj^J* shresh-oM sn^ 
^^Ltve v'5ik56 fneeh-firf its des^sbi'^ by j^n^S^mrcr cA^fcs^ 

Protein <8&r®£ffon mid Western m&lyste 

Wctttis ssli *Klr^5s. vv??^ Jvs.^ disec^> Wes^tft bldss^g wis per- 
fanrfts?! by &tfci*cM i^Jfi^ues {25). Eridlv, mite, 0 X 30^} ware ty$s& m 
item mi&s* titehm \y\\h HmvM F-40 Ly:M^ Nfc (20 mM Tri$-HC! {^li 
74), 150 s&VM ^sCi I 1<DTA ; 1 m^J DTT, S% N^B^t 

N'$.F> 5 5>>fV5 ^l^y^fi>:p>'f<iS^hS5fc. iifcii: Ccsmsi^- ^'Y^is* iftkifekf^ for 'i0 

ki;, ^injc^ w^:§5o?M st - w S!^C yftE^ i^a, Pr-oselEis v^sre sapsaraied oss 
>i S'DS ^Syac^k^fcde fcti^ ir'ft^^sj???i csnsi© a ni:Lm5si|:ts^e r^:J^- 
b«SJie. Mjio^si^ fey ijBaiiinsib^t^t^ J w ^i^tfe Ab$ fi38ffiifscv 
timf* temmtem* Dmwlimmw$ m& pzfXQ?tm& BDAS ID 

EMSA and MtfMf%H(ft 8n${-y$& 

Qmsmlm of ^li^^ar ^saia* sod we« emsd^u^ as bskra (26^ 

Bne^yv ceElss x ^Cf) iy&dd irt hypo&etnk Into bssfer (0.^5^5% 
^c>ft^d^:i: ?4D, S M^Pas ::^H 73}, W mM U% m$ 1.5 ^0 3 ) 
ai^ suseb^ w^?£t h&rvcsiied: sestiif^te X g f«f ffiSft), 

mm&tt 5 mM .HE3»BS {^M ^ gH-c^oK 42.0 n^M NsQ.. L$ 

were b&ttb&tcd wafe ^sbc^cd pytjbs (5Q^{^> cp^j|, ami ?«sslvsd -r«s s pi ift 
Tris borate -EOTA Bt 2(50 V fer £CM0 mm Compter w&s's v-?s«* 
alkeci R*X <F^ji Rim). Far Si^s&tshsft sxpennsc^, sije^sir 

gom^fexes •*we.r$^j§v^ an. a n^isdssisstu^si^ {vsafv) pc4y;svTy tenses 
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WiQXMB % Cnpcrmts* cytokine gro&mUm 
tot QfWUEfeSM wd BMM Minting LPS *timota- 
&m, Wv« {AX 114 [Bl SM2p7D (Q a EL£3 (P), 
IL-tO «), aadCCU (fl bv^sf^m sua* 
BMM Mltnv&g LPS {TOO fig/mg siimyteiaoei 
afawn, Tfe* rqxreserrt. eta: menu £ SBM ©f 

mi vl&hiUy asm? 'bars Esr» smarter Eh&s the symbol 

rL^2p?B, asad fL-23 jr < 0 =05, ftfcS&S vs 

GM»BftfM lw fL*IO and OCU [£ arid n 
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b 0J l & Tri$ |^?&!.a-i2;DTA. CfeU were tiwd ovXa. ps§:«r {WhsliHsm) 
r$a$ «Knpfex«$ were vfc&lfagg as- c$ess^ke<3 

Statistics 



i &e given as me$i& values ± SEM, Smktizti a^ifieaasa. 
uaiad csve?: th$ 2<5 -h LPS stta$telto& perted ;b? %sm-my A NOV A sa?j ^ < 
(5,05 was ca?s§cferatf statistteBtl? s%m$ea¥& 

Pkmoiypjfig GMSMM and BMM 

Mmm hme marrow cells wei& m vim to 7 ■%$ sn she 

presses- of 0M-CSF m M-CSF siid -he adherm sails (GM-BMM 
sad BMM, respssisveijy} were -cefcted, Ws show® else- 
where (23) &s£ both populations express c*3m;mon macrophage 
markers (Mac* I (CDS lb), F« .as-sd i^Fms: (Jv^CSFiR)), wkim 
of$ly CM-BMM es press CD l ie* Ssntagri?- othn us&i m mmm 
systems ?a sdsjidfy DC linmgn also feu^sd m cmm. 

macrophage popsak^osis (e.g„ dvesl^f r^a^rapMges (525), We 
hav:& also r^sr.tly dercsQsssfras&d tet boih ^eII ^ptss be qxam< 
dtaUvdy esiwerted to a^esdast ^^ssge c^Us (23), Ij3 the sarrsKS 
demcn^xs-^ that OM-BMM cells, rslisdve to BMM 
ceSts* sire pote^fe stimalste of T sell pfolifESFftdasa in a MLR. As 
cm §3* ratttt Pig, W, GM'BMM Mdls e»M« 
mm xhm BMM c^-Us. m %txmsd®t£$ al^jges^fc T i?s « MLR. 
We strfer he« tte OM-CSF-d«i*«4 adte^nt edls m GM-BMM 
a^ho^gh toy aj.^ fej^cii orally ^m^tii^ J^f^smt 10 DCs (27}, 

€'y?^Mrj,e pmductim from and BMM JaUowmg LPS 

Before LPS stinwladon, OM-BMM a«d BMM sells wete yn- 



or CCL2 (iiatii i^oi show^},, aUh^Bgh hy Q-PCR fft«^l tl?* 
^s^] mRNA. c^prss^^r: ^vc 1 ^ &f TNF-^. JL-IO, a?ssJ CCL2 
wss>2 .SEgR^icsstly il^W^i (Fig, W). Ths ^Isisvti |>a§^ ftiRNA 
levels o-f TNF-e? < 0,0^ Fig.. 1^} w snha^ed Mtn QM* 
BMM compared with BMM, w&srsss the reiativ? basa^ anRHA 
^evel^ of the anti ifiilammatoiy cyioSciae th-10 (p < 8.01; Fs&. 
IS) ^ad fh^ (^i*moki^ CCL,2 (MCP-i) (p < Fig. IB) 
were siibaE^ed m EMM tisirspafed wish GM-BMM. There were 

^hsred sub^n^ p40) to^^":; the two macrophage pq?oj,ssifj^. We 
to wear 055 & determine ee^ syrfaee of TLR4 and 

TLRX A$ \m mwmly beers deaM^trated (2SK bo^ sell types 
wssre yfsstbm^^y poslitsve foi" TLR2 ar^ TLR4 af^d lireir nie-an 8«(jre»- 
£giiC£ inie^ines w similar {fJ^m, iK'ji stesv^}. 

mm& TNF-«? < 0.01} and (/? < &.t)3) compaFsd wish 
BMM (Fig, 2, A and & rapectiveiy), Baife IH2p70 «id IL-23 aw 
eomjx^ed of s^vo sy|)utili;s, a c^mosi p40 subuttit md tkhtr a 05 
or s pt9 s^huKsi, rtsspfectiveiy (J), GM-BMM semsted bath SL> 
!2pT0 aad iJ'L-23 Mbwirsg- LFS sdmsilasto^ wb^ea? BMM fat^J 
do *p w tte -24-31 period exmme^ < 0,0 U Fig, 2 r C ssd 
O, mpmimly), IFS-mmuMvd BMM pmdMd IL-12p40 to at 
bvftls lower t^atj for GM-8MM (d&ta nol stiswR). In cantfast to 
the above cytokines and: eofl^sJest with the basaJ ni^NA ^p?e^sk>« 
patter tM^tmht^d BMM m^ted IL-10 smd 

0CL2 {/> < 0,05; 2, £ ^d F, ttwjmive-lyi The ^ve?ge?5t pm- 
dustsoR of the above siisiiiiMcs^ by GM-BMM ar?d B MM corrslssed 
with ^ipifk^iily diSetent L^ -bdueat§ mRNA tevete of Wo; E.» 
32^5, 0.- 3.2pm E-^D, and CCL2 (dsm rsos ^mm% 
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CYTOKINE- OF OM-CSFs^^CSF-DBFENDB-NT MACROPHAGES 
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BMM ttftti BMM jfaftowtag: LPS s&sssts&Ssce. A ? totta dB£rad&3&Q wss 
Lt&ri fcf &s3A was astajyz?^ hy Wasters feum^. gvAe&l fMsjfe&isn 



relative to thai fcsr p-^.^r^-^by liiv 



jW-kB mdAP~l DNA binding activity m GM»BMM mid BM& 



NP~PzB mfivity?. Because; KF-kB rsgts&tss the- g&pai&s&ifts &¥ xmh 
$pte gsnes impsttmi fa mmnm^hgk- m4 inf\mmM<ny mpotms 
(29), wa- reasmted that itos *my be 4iifozm\ti&l NF-kB a^iv&tscm, 
As cati bft sesB la Fig. 5.4, th® tm of !*B« degradation v« 
diffm&t fotwrat OM-BMM ami BMM is rcspaiiss LPS. WBa 
w*$ wm\>l&$y dsgrad&il m QMSMM wiffato 15 mi?? of LPS 
sdm^adoss; l$eB<* emdd still be detected b BMM at ikss drcis 
pomt I« bsstfo G^BM&f EMM, IkBet teveJg wer& rttttorod 
slicsr 4 h of. LPS sthfiyl&ssaa. We «e;a sxaraiftft^ tm^WSSkM of 

ifer LPS sissTTHjJstsass (Eg. W) md appeared to sSighsly psa&tf 
tosi for BMM: Ibr- EMM, maxims! ssBcfejr RelA. bv^Ss v^m 
iwW m\\\ -2 h after L^S stsmulstsGji (Fig. 
To M&ess ihc NF-^E DNA bin-di^g aciivky, EMSAs were 
$m%8 m m^m&tmm, Befora LPS sdni3uiaiictn« NF-«B DNA 

BMM (F%.. >i4>. However, Nlowing LPS aMd-oss three dissect 
NF-*fB DNA. biJidi^g com^^es (dfe^p^ted somp^exss 1, 2, mti 
3) wera fom-sed ifi bash c^§] pq>uMom lTO^4d:Rgly e she kbsties 
tsf compkx fcsmsatfen differed, Boih GM-BMM mid BMM rap-idly 
^nr^d ssmplfix 3 within 3D mi« of LFS Howew s by 

? §i of ssMteiiit m GM-BMM DorfipkK 3 ^acJ di^pp^r^J 
SOftsp&xes 1 Ksd 2 formed* wte^ss B$4M. mmpten 3 wm 
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Ah. D v AF-J DNA ^mrf?^ ^tbity w^s a5>s^S6d by EMS A. Su^asfciift 



yntsl 2 k s^sr LPS sct^vstbsx. BoJfe eew|*te«:«s 1 >ir<d 2«r^ main- 
iahisd over she diifisilojs of 5 be 8-H s^imulssioti period «xarain«d is 

Tt5 ssssss the co^pf^itio^ o^ thz fees ^mpl^c^, ^upsrs^^l 
s^alyuk q$ GM-BMM wii^ LPS for 30 mm and 4 h was 

OTsteteii the LPS t^^m^RS am^p^D Ab csm^ietdy 

di&pl^i Bf^Ti^ex 3 tsspftfsfesfi), wftik- aiiti-RdA failed io sapser- 
shift k (Fig. 4^), This t^&rv^iiar? is eMsistcsU with c^rspkx 3 
^o^ss^ii^g f$ik t mmi iiktiy $ 'tasm&mtfr Supcishifl assal- 
yds of GM-BMM followi^^ 4 h LPS st^iaMi-CKi was. used help 
rsvea^ she campossli^i $f £omptex&i I and; 2.. Fig, 4CdsmoRstraiies 
that ths ^t^RftlA Ab d^j3]a^ed c'oiK^a J (Sifpers§iift) whereas 
ssit-pSD Ab dssg^l&ceid complex I aud c^mpkx 2 C^upsr^hsft). 
Sypsnshift sESKlyses e«f ^mesjxm^^g time prists BMM 
!ysa^ |avs sjmslaf rssb^is (daja 

Irs smmnfliy* fo^lowbig LPS o«q{si^{ OM-BMM, ts^parsd 
mth EMM, d&plsysd more rapid I^Ba d^gmi^ksrss RslA $rssis- 
k)^i-05s assd f^rmail-cssi -oi a RdA^em^i^i^g DNA. binding 
SsttSpteX, li is pc'3?ssib'le Sbat these difem^^s rn^y r^lst^ it> di£ 
he|g;bs.en«d ^xpresssofs in GM-BMM &f TMF-<? r IL-12p?d, arid 
JL-33 (Fig, 2} ? for sxampk, she p*r&s. csf wbkh hsv« Iwa 
stewn 50 b£ rfepl&ted by NF~*B activity (29). 
AP»i astmt} 1 * Cmps?m$m between N F- «B ami AP- ! is biowa 
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BM^ pgSfc were prctraricti -wMl or ¥*&h$a$ GM-CSF 0 TO U<YnD m &s prescass of iviCSF for Hi- h xhes sfoaA&rd with LPS, A-C. 
IL- J 21*70 &sd IL-23- (C) ggregucstiw wr$ m^s-ussd T&s- resells f$pi$$?M the msifert & ftf s^akine. vsdfcss iwm tmt m&z&$fl$$M z&pzrtmzmz. 
W£»ere ml mMz 4 ?m>r hikt% &m sttitfter &an the?- ajmiboL < *aM-CSF v# -OM-C:SF &x TNF-«- {Ay. p < ft.Dl , -J-OM-CSF -GM-CSF for 
SL-32p'?$ {&} mi VLr'B {€).. D, Nactesr SoesfeJseo cs? M\A mil gsSO was; rcsasurcd by W$m*n fc&oftfog m Sysstes mm BUh% jwebfeatod tst -wjihG&t 



BMM pmrmm m*k GM*€$F, T$ mm sh« dfecs GM- 
CSF has EMM cymk-iae pmdwetion, BMM ceils were eulSitrscI 
fo? m sMte&ml 16 & wi^h or wkhout GM-CSF (M-CSF was s&m 
isddei^ bi.5^i 5rsiUi:ris:tU groups -dfcriRg ^iis padod}. Following GM- 
CSF p^tj^$:m&nU BMM -ce^s wens n.ot 5sg«^kafi!^y siiijarsd ^ 
"t^rsns of felir e:d!. Efface: Ag es;press|cjti % m. tern, -m pilgsti by 
CDi lc, TLR2v and TLRA j-sv^ls (dsis ^os shown). Howaver, fxsi- 

TtW-t^ 3L-23pl9, and IL-12p40 i^was^l whlk 
mRNA levels wsre deq^^&d (d-^ s^aw^).. C'ofisisisnt wish 
ttis ate©d ba«s^ mRNA exp^§b», felk^wi^ LPS sdfSKifaticsi 
OM-CSF-tessisd BMM ceSk p?ciduoed tscj»ascd shiourss of 
TNF-« (p < 0.0Si Fsg> SA) w @q^b1« of produdag 

IL-12p70 (Fig. SB) a^d 1V23 (Fsg, SQ, albsii: ^ Usw kvssk a«d 
wkh dekvsd klsaerics combed wkh ih&t fossrsd fo? GM-BMM 
(R§, 2„ Casstl i>), cjetSs pjfttfftftSsd with GM-CSF wem s^o 
ciipsbk i5f ssgniScwSy gmm UA2p*Q pmtimxkm afkr LPS ac- 
tiv^fes (d^Ja ^ stows},. lntere$dagly> the kvel& of md 
CCL2s ihs msdsstors w'hasfi. leve^ w«r« ^lig^er for BMM 
psw^d wish GM-EMM foSfcm'it&g LPS $timyk5lsFs (Fig. i, £ as^ 

WssSens bbi ans^ysk dejnp»s»md IhM G.M-CSF pr«ir«atme«s 
of BMM enfeaacedi the: mtizm lQ£$i&Mm of ReiA while decrea*- 
s^ig of p50 (Fsg. Si>), By BMSA, m BMM pfetreated wkfe 
OM-CSP tore was rsn meresis^i fc?vn^.tIo?> of ^o-jtipkx !. com- 
pane^ci mih mnt-w\ BMM grows, safely lit M-CSF at: 1 assd 4 h 
uhm' LPS stisdttl^ion (d&ta sol ^hown), SupersHJf'E ^.siysis, a?? 



As for NF-kB ? bete LPS slimwla£fo& m> AF! hjjidi^g coiijd bq 
deievsed ifS dtte GM-BMM or BMM Wig. 4D). Followbg LKS 
sddiinos, a si«gJo D^A y^djii^ omnpM wm $vMmt far h-uih cdJ 
t> : ]se« w^ih ^ aaaximaJ setivfey bcj^» higher GM:>BMM, Sim- 
ilm- NF-kB DNA ^itKl^ng kimjes (Rg. 44), those lor AP-t 
D^SA bidding « sl^iO dlf«r«int. AF^ DNA binding f^pidly 

of AP-I DNA binding: Mi\:$mS BMM irni^ si-romi 2 h ate" 
U^S ^t^x In both OM-B^a?id BMN, AFI DNA fei^g was 

Sup^htft an&:y:!5i;!5 at OM-BMM 2 h of LPS ttsst- 

srse^t was ifl tte composition i>f ihz DNA binding 

complex. "Hie ^d- jutrsB Abctm>|ik^^ th« compkx (sa- 

pershsfe),. whsk anti-c-Fc^, a»tl-e-J»s, and amsrjynl) MIed to sa- 
pesrshlirs k (Fig. 4£), l^k otwvatios ^ns^^s: vthh fe AP^ 
DNA bsndsjjg compiex comaia|?ig JynB : , whk'b is k?r<>wn to form 
fc&teCriptbns$y active ham^dhi^ers 02), Super^hi^ an«^y*is of 
^i* c^^^sdsn^ timfi pessnt Jo? BMM lysafes pvs similar nssuks 



%ffm %f the m&dditim &f GM-CSF md M-CBf on m&km> 
pmimMmiM$&m$g LPS &mmfatmi 

Pttrttenl«rly M sijss of sss^^t^ESgimi p3, 34) s? is Iska^ thaj 
rophsgfc popy t?ttio?i3 in v^vo wiO be exps>sfisd to Ijo^ CSF^< W« 
sext addpe^^3 ^ues^tm ss u> whe^sr Shs respective «:feiojy 
pbgaeftypes of GM-BMM s^d BMM: c^uiid be c^rivertcd £o thai t>f 
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FIGURE 6, Mc.dykiion sf cyfcskjs&e fjdyaioa mti 

fcifowsfig ^rcttcamisftt M-CSP.. Day ? 
OM-BMM t irsssfcd wrsh 6t witbiml hVCW [1 COO 
tn the p?ss*rieB s?f GM>C5F fstf \6 h m£ ifcsa 
sffmsilatgd vvith U*£. A-A (4), £W3a«?B Wu 

tt*& (Q 9 CCL2 i£?> pttfcfocsScua was meiMyjtffi 
The sr-stsulis T^sresest the * SBM ef syft&sne 

ftttffi tour mi&pSnd&iSt ti#§£tf?»eft&$, Wb«r« »Ot VJS* 
&k f . c^TOr IftJiss sre swelter j.ha» &a syasbttL p < 

ml {Qi p < £LQS : . -^M-CSP vs -M-CSF fcr 

<m\M m& w wi&oui MCSF(iOC<! ; U^S) ftar { 6 ft ana 

s^jjsuiia&jj IPS- Regspgs&sttiiti ves of 3 
d&j>eodtefi£ &gp&tistt£sttjii lire #^wrj. 
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$R Fig, 4C, fevesle-?! stmt oampk^x § co^mbisd tfan?eri^?k>^any 
aciive Re I A. litis ia«r«a§^ fbrrrs^llo^ of RelA-cQ^-jasn^r^ cauv 
p-lexes faK<swk3g GM-CSF p^^^mer^s: car^l^ted with thz 
kmc&d ?&h$h>$ m&mt of Eel A (fig. 5B)> 

GM-BMM pwfreated with M-CSR ljkmi%^ OM -BMivl c>?] is 
W#r« esku^d for an addi^os^l 16 h wlxh or wMwm 
{GM-CSF to also ssddad so IxsSh sreaimftiH pejaps siurisjg thss 
Aganu How cytoiae^y rsv^e4 slgRlfcrnt chs^sjgss 
CD lie, TLR2, or TLR4 fe-vsls foJbwing |3:r«tn^^53sit w&h 
M-CSF i$sm mi sho^).. However, Mlawt^g v^ct p«r^5m*^i, 
mR-HA tevfcls ijf TNF^k, !L-23pl9 :? and IL-I2p40 wore 
creased while CCL2 mRNA tev&U wmv mkixmvd (0m nni 
show®}, rims 'Ak&md Mml mKHA bvsls coTOjated with the 
siihs&p^t dtmlrssS-tol LPS-i^dtscs^ pradfcicEic^ of TNP«:K (p < 
OM; Bg, M) mti Ih^tpWs (p < 0,05;. Fig. 6^} % GM-BMM 
ceil* p^eu^atsd with M-CSF; thsss sells ajso jiroJy^ ssgftjf^ 
s«35iai1y IL-23 {/? < 0,Q5:; Rg, 6€), Hie M-CSFp^^^«nt 
M w $ip\iT\$m\\y gr«f p-odis5cs:b« of CCL2 £p < 0,05-, Rg, 
bat -pfliee agani tk&m no sfeci «r tSis of 

OM-BMM pfiiii'oied with M-CSF rapsdly fbrmsd com^exfts ! 
STid 2 aRsr LPS sdm^kfio^ f M-CSF)* did cp^Jrol 

GM-BMM gmwa ^kty h CM-CSV (pig, 6M< -M-€SF), Bsw- 
■svitin by 4 ii after LPS stinssaJstioa oampte.x 3 was tties major cw- 

wh^ss c^imp^x^s S «nd 2 were- ss^l ps-as^^s isi to OG^^li GM- 
BMM ®s$h gniwjj $oldy m GM-CSF{Fsg. g^), S»per«hlf? ^di«s 
of cwo ^<aat^!R5 |pKH3ps ft>lk>wing 4 h of LPS s^eniats^^ re* 
Ysalsd. thai cmnpfex 1, Ibrmcd i=s sii^ cofssrasl GM-BMM, ea&Utmcsl 
ReiA w^peas compfes 3, fmtml 'm GM-BMM preisessEsil with 



n^odlr^er (see Fsg;> 4, E md Q, 

Is was noted that the mmwl UM-BMM zzlte ih&l fwmvtsl Ehe 
^ddaionsl Q^-CBF wkhoal M-CSF displayed sjts?sd NF^B 
DNA biridsng kkeifcs. NF-^B DNA binding compje^es I md 2 
'^<-rz $mn 0.5 h ato LPS stowl^i^ft in. ttes GM-BMM 

6£\ -^i-CSf) whereas day ? GM-BMM 1 which last 
t^cdved GM-CSF day 4 of ealtttEe, jhese soj^plexgg mm 
mi 4$&&m& miil I h aks? LPS ^drs^ukno^ (Fig. 4A')., Slmiisdy, 
tke -co?^^o$ BMM that received iM MtiintmaS M-CSF w^haut 
O^CSF fommd NF-^B DMA binti&zg wmptext® I $M 2& 1 h 
afifef LPS stiftitsl&tion. (da^ s^ot shijv/n), whes^as showed 
aarlbr i:hai h day 7 BM]V§ ceik. which r^^swdi M-GSFo;n 
day 4 of ci^Uire 1 , thess comp^sx^ we^g t\m. mtii 2 h 

afie;? LPS *tim«1ation {Fig, 4A). The a&Htfoa of M^CSF i.o 
BMM beiom LPS ssiriivaliori has beciR ;$h(?wn so enhance iM 
NF-kB iscslvitj co^Tps-sd with BMM ^;, .si;arv^^d ,,, of M~C5F (35).. 

lit aumsm^, J5 ^ possste tiu& she above; or NF^sB- may 
ieiste the &lt$m& expressiors of, fer e^smp^:, TNF ^ t , tL-i2p7(>, 
sxi-d IL-13 tat BMM sad GM-BMM ce^s falbwia^ OM-CSF or 

s&0'W«4 jjbt?ve that LP'S g^mtil^feint led to a vsry diJi^fs:fit 
jpttttem !>f cytbtdne prDdocHoa« with; ih$ GM- BMM ee^ls pmf- 

BMM ■p^fftfsniiail)? pjs>duc^| JL-IO sisd GCL2. What 
wsts pa?^C-y^f]y Striking was she; hsck ^fp^K^ldk^ of IL-S2«70 
and 1L-23 from ^he LPS-sslrrssj^s^ed' SMM. '{*h«ss ^rsdissp ssre 
S3^ikf ts> wbl has bs^rs Foujid rscer^^.v wto hom^a ?ji«rioe'Vies 
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were ds&eressikied by GM-CSF or M-CSF wkh ihe resakan* 
macrophage p^pidgitaas termed M<M asd M#-'2, respects vely 
(1 ( 22), in »R3s of tfcw eytakki£ p-^fifftc GM-EMM r&ssm&le 
dasskally activated or M! -p#krim! macrophage thm rsmk m 
response to or microti (5} f wMch & perhaps. 

ml uprising given thai sn4 h&vft many of fcbe 

.same "priromg" pro-perUes and m^foph^gcs 

(36). As for Ml mserophagss (4, $}, QM-BMM mite wears weak: 
psfoo^eera of IL-10, 

In con^ssk following LPS sslmaMk?** BMM eells. appear 
stmi&r so she: M$-2 harass monocyt^£^ved macrophages 
with as IL-12 te *ILvJtf li « h ptaxtotype ssxi wst« she rafntbtKiy e>f 
1&g& CCL2 srocki cation (1,21), H has been popossd t&$v 
mils may pl&y a ftflfc in both att^sedn^ via oherookme aclMty. 
m£ then supprassmg s via ML-RY adaptive jtcuwjx: mlU ( L 22). 
Is ths mms&s, Hgatscm of a. Fc re^eptoi? foifowS by TLI, CD40, 
■or CD44 stlmdaticm steo gives rise to m&e,;roph>$gfcs' wkh .an 



?d type Sl-aetivased 



macrophages (S), EMM ostts also smifl simsMr U:< tuttsfcMssa- 
ci&ted macrophages with a pokri&eo: M2 phentt$;yp-s capab^ of 
1L*10 professoa (4, Tits cottirH^tkw orendoge-ftous 
lirlO (M) so fcyt&ktee protein expresses m BMM is mr- 

W© s&o analysed NF^fB assd AP- !: a^vstioa. Fo3^aw?^g LPS 
ftinmtaifcK*, show-kd a faer JkBjs debate** &m eor- 

:-eh-i;£d wish fa^er sisfctess? iran-doe-adoa of RdA ami she for- 
sT^ios of a NF-kB DNA binding oorrcpko; cental ra ng Re; A. This 
soteMt tm form bwrnSmm. m the classic^ ReSA/pS^ to- 

PB), Ev^s? famgi ws oo^y sis>t d^^t NF>xB ^nv^v 0M- 
BMM i?5 iM sbst??^c of LPS stsmisMon tesre: wers d^fe;m?tces m 
bm& tptikms it^RNA ^xpne^^i^n from BMM, w^ich inig§3l be \Jn<- 

^ftt^i,. a siudy pstiBling ex^i-«ssbfi in DCs., ge^^a^ by 
c^mrsn.g jm^^tiytes i?? GM-CSF s^d IL-4, and hi maero- 

jjl^gss, gwi^t^d by eu^urbig shsm 'vbCSF; showed 
itxpmr&ioa of ^v^ral ^F-^R/Rd f&m\y gxm was. relatively ^p- 
regtskteei sn the (39), 

The refativ^y delayed ^kB« ^^g^d*^i^^ sssd RelA nsiekar 
5:fs^s5oeation Ui LFS-stimylaisd BMM ^e^ls is remi^i^c^t of 
srse phena-vp^ of mmc?r-^^rf^tl macrophages asd MyDBS- 
deftcsent mac:;rophag^ (4Q : , 4\\ b>)i.h oi" vvbscn are rslaHvdy 
psm>: pfod^eer^ of proiiiifl^rnmat^sry cy^kfjieg. BMM also 
shijvv-ad fe&tsvuSy p?olo«g-ad fem^doss of a. NF-kB DNA bl^d- 
-cQmptex mm. UMy m$fm$im\$ip.$ w p50 htisno^mists, pSO 
im&s transacsivatiori domslii (42), In lh\$ ^ori-isx^ T&F-tt 
mRNA kvels, which ws?« s^3Hlkaft% k>w«r in LPS-stimu- 
ktJfed BMM dsan in LPS- ^tun^Uired DM -BMM, iho^ghi 10 
b« r«<l«oe'd by p50 bidding l» «B el^i^sits m \h§ TNF-»: pro- 
me&e-r (43, 44). Furihsf mars;, pSD hss rea^^dy bsie^ so 
^romoie tJne ^ansedp^oa o-f IL.--.iO {4S) m& we fo^iKS iMt 
mRNA Icsve^ sspifendy iip-^gu^ed m EMM 
compared mxh QhhBMM folbwsng IJ 5 ^ srea^nent Ifl&fl&SJ- 
ii^gjy, i« prjor ^Usdy (45) it wss g^sows dsat msspr^h^gss 
pii^ied rmm p50-defi^itj:n:^ mke ^.hibked a skewed eyiDkb^ 
f-sspc^se LPS ^^^r^tj^rised by decreased s«d: sft- 

ffressed TNF-cz and IL-12 pro(hieslOB a^d sta RelA sn.d c^-d 
primarily feguiatedl &e expr<^siOK of TNF-«f and b^t 
played iittie or sis rede irs dsrivSag IL-10 ^y t p^^sOfs (45). Con- 
•^sMc^l wsth thh ob^rvadof^ fL-].0 expressitiji was fmmd io 
s&lm to high kvds of p50 expiwlo^ (4^), ^nd ^hc mkihiisors 
of RdAvcOintrdnsng complexes yp-reg^b^d i'L-'JQ 
£47).. Evi*s5 dio^gh further ssnalysis h obvkm&ly wm^nteti, it 
wo ; uld ^ppti«r item mr findings ^rs at least eosssis^i wii^ 



studies Hssksrtg NF-kB DNA blading sedvfey mini ?&Mhz eyi?> 
k:ke express^, 

In resposs?^ to LPS toa M4 BMM ibfc es- 

prmion of AF-I toily gsisas {4E) and fere sppesi^ t<5 
ssifssasn crosstalk between th& m& psthwa^s (49), Because AP-t 
sjcdvky apfssars m play a rok hi tl^ mgylsdoss of IL-I2 (50} -m$ 
TNF-cs (5 1), for sx«mpite r our tlnd^p as3 thss srs^ti^ AIM asdv- 
itses- of sdiKutod OM*BMM sisc! EMM oaaJd slso bs£p io ^pkim 
stta rslad^ cysnktsae praties. 

(j[ven £tic:i OM-BMM ti^-lk cSisp^y s pro^nfiar^ma^ory ororlile 
ypon LPS s?smii|^3-o« a^d tto OM-CSF has bsetr? reported so 
have matty Ihe same **pdmm^ w pmpsrt&s as WH-y on mac- 
i«p3i«gB5 (34, 36) t we the^fm explored IM effects of QM-CSF 
on the cysokim proSte of BMM.. The kktitiofi of GiM-CSF jo 
BMM ctijtyra of StseSf did mi \md let d«?Bc?afej« oysoklae pro- 
duction. However, with ihss "'priming" p?Qtoqoi; rh^ LF-^-sslin- 
iiiiiied EMM now capable of producing 1L- 12^70 and 

th~l$ mil mdre TNF-a, in sjto wards, the EMM cells 
could h& altered P0 «.d«pi U? some extant she pasrsm af ihs GM- 
BMM' ££tl res^^^e, "Fiimi^g" of BMM w»i^ OM-CSFresufted 
is? i^^reasedi RdA nueto jr^s&lsKj&tsOES a^d the tom^ation of u 
RelA^oosaiijhig DMA blading carnal ex, possibly he?p^ 

i?5g to explain mm of eysokins c;nso^.. Ukewi^. OM- 
BMM, when treated wkh M-CSF, co«§d also sdapl ths BMM 
pts&^aiyp^ vo some e'egres. by prodticing k&S IL«!'2p70 v 
m$ INF- a- hut more CCL2 ibljowi^g LPS stiiftMlasioR, Ttiis 
M-CSP prs^atiRsm rssulted m >M loss of i^e RftlA^a-ntsirsisg 
NF-kB DNA binding compkx, which spm m^y help explain 
rho ^bservod chassg-ss k-i cytokine preKj^&n, Is eoiiirisi,, 
CSF ^iibarsoed i:be prod uce ion of CCL2 bu? hsd fio eRecs on 
LFS-bducsd IIAO prod^eiso?s fesn OM-BMM ccOs, ro^ 
jiether, i:^e&e d^£& show thai cytokine p^daetsoss jmm th« Isst of 
respcin^es. whc?rc GM-CSF and M-CSF mn have opposiisg 
(ions on macrophage populations (20* 21}, 

Several of our i^dlngs pmni to a cte^r ' * p^oj n H airsT^atory " 
fwnctsofi im GM-C8F o^ si.aemphag€ popa tattoos, cortsistent 
wkh Mixing at ^stcs of ^flMimMcin where it$ ktvsh m& cles- 
vated abo ve ttse somjaliy km Mssdy^mz tevsh {34}, In viv-o 
it ^ Ukely ihat macrophage popak^o^s wiH; ^ nomssHy ox^ 
pomd to ilje abj$|U$to*is!y expressed M-CSr\ hereby tontrolUng 
th-ei? nyit^ijers m m&ny ii$$ms. 19> 52), BMM odl^ prefc?re^^^!;y 
^pressed IL-10 ami, whoa added m ON-BMM, M-CSF sap- 
pressed the debated THF-6:>. !L-S2p^0, and pmik^c?.k?^; 
th^se Jjit^r respond of snae^ophages to M-CSF, as wdi as 
others <3f^ r iadieats thsi k may dampen ta^ammatson ?n 
cestui. n cbcum^ts.?.x:c?s, Perhaps part of m kw®m*i&ihi foie m 
the sleazy siat« is to provM« "piroteetion" w or ^j^sis^r^*" 
to snappo^pnaie po^iri^amm^^ory &s.gsak be lag imp^rtet§ io Sfee 
macrophage, TH^ ^fis^mi« jhs? each CSF has; on ihe e>:pms^i.(?n 
of crcmpQ&sftts of^eNF-fcB^d and ssgssa^ng pathway h 
eurrendy Lsnder irsvestigatlo« aiscJ may help oor y ads^taadi-rig 
of the rote of ihese OSFs t« mi^l^Kge^iepoBdent is^sHsma- 
tory responses, 

We thgi^ ^fliter Davis ?V ^ktjsn^ss wish msssi«J5»r^e ii^d crtsj »f 
the inscs, 

*n^r have ac? ^w&rgssS soanki of ;::ii.ei~e55, 
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